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THE  MARITIME  AND  RURAL  LIFE  OF  NORWAY 
By  Camille  V.vllalx 

Norway  is  known  to  all  as  one  of  the  most  picturestjue  of  countries. 

mountain  fringe  of  ancient  rocks,  cut  by  clee{)  depressions  and  half 
drowned  in  the  waters  of  the  North  .Atlantic,  the  first  characteristic  it 
offers  to  the  traveler  is  the  extraordinarily  articulated  coast,  with  a  length 
of  l7,o(X)  kilometers  where  the  distance  in  unbroken  line  is  barely  3(XX), 
and  the  extraordinary  number  of  isles  and  islets,  150,(XX)  say  the  Norwegians. 
The  isles  and  the  tortuous  channels  that  separate  them  from  the  mainland 
constitute  the  skjcergaard,  the  skeriy*  guard.  To  the  south  and  again  in 
the  extreme  north  the  uplands  of  the  interior  stretch  in  broad  plateaus, 
fjelds,  ranging  from  5(X)  to  I5<X)  meters  in  average  height  and  terminating 
at  the  coast  in  abrupt  cornices.  In  and  northwaril  from  the  center,  in 
Romsdal,  Lyngenfjord,  and  the  Lofoten  Islands  the  mountains,  rising  to 
alx)ut  the  same  altitudes,  present  alpine  forms.  Both  alpine  mountains 
and  plateaus  are  fragmented  by  deep  fiords,  narrow  and  winding,  which 
penetrate  to  the  heart  of  the  massifs  where  the  sea  waters  are  imprisone<l 
as  it  were  l)etween  two  walls.  The  Sognefjord,  for  instance,  is  1244  meters 
(4081  feet)  deep  ami  penetrates  145  kilometers  (90  miles)  into  the  interior. 
.Along  the  seacoast  and  up  the  fiords  the  precipitous  walls  of  the  fjelds 
and  the  Norwegian  .Alps  are  in  places  borderetl  at  water  level  by  a  sort  of 
bench,  forming  a  series  of  little  discontinuous  coastal  plains.  Here  live 
the  farming  and  fishing  folk  of  the  fiords.  To  the  southeast  the  country 
of  the  fjeld  sinks,  opening  into  broad  valleys  with  forest -covert'd  slojies; 
these  valleys  converge  on  Christiania,  the  capital  of  the  country. 

.At  sea  level  and  in  the  lower  regions  the  country  is  almost  everywhere 
open  to  the  tempering  influence  of  the  rains  and  mists  of  the  .Atlantic. 
.At  the  same  time,  as  it  extends  over  13  degrees  of  latitude— from  58°  N.  to 
71"  N. — there  are  pronounced  differences  of  climate  and  vegetation  be¬ 
tween  north  and  south.  The  south  with  its  wheat  fields  and  forests  of  oak 
and  beech  mixed  with  conifers  jK'rtains  to  central  Europe;  the  north,  with 
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^lo.  I — Sketch  map  to  show  the  NorweKian  tocatilirs  mentioned  in  the  text.  Scale  i ;  ii.onu.aoo.  See  also 
for  the  areas  shown  in  the  maix  <rf  imputation  distribution,  Figure  j. 
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Fig.  » — KrprtMiuction  on  a  rrdurrd  srair  (i:i.oo<>.<Kif»)  of  typical  portion!  of  thr  population  (liMribution 
map  of  Norway  by  Alfred  Sixlerlund  diwuwrd  by  Mark  Jefferaon  in  tliia  numlicr  of  the  (irogra fihical  Rrvirw 
(pp  651  A52).  Tbe  land  is  distinguished  by  the  darker  tint  (yellow  in  the  original);  see  also  F'igiire  1.  The 
small  black  dots  represent  each  100  i>eople;  the  "siiheteii,''  towns  of  over  ,v*io  people;  the  small  circles,  the 
seasonal  population  movement  for  the  sea  fisheries. 
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soil  of  frost-spliiUered  stones,  with  mosses,  lichens,  willows,  and  dwarf  birc  h, 
is  an  arctic  land.  In  the  internK*diate  region  the  great  variety  of  transi- 
tional  forms  is  render(.*d  more  pronounced  by  the  seasonal  prolongation 
of  days  and  nights  and  the  increasing  obliquity  of  the  sun’s  rays  which 
makes  of  arctic  Norway  a  countr\’  of  marvelous  play  of  light  and  shade. 
Everywhere  alK)und  the  waters  derived  from  the  Atlantic  va|K»rs,  in  the 
form  of  snow  fields  and  glaciers  on  the  domed  heights  of  the  fjelds  and  in 
the  depressions  of  the  alpine  crests;  as  cascades  tumbling  down  the  abrupt 
sides  of  the  fiords;  as  lakes  and  glacial  torrents  in  the  maze  of  narrow  valleys 
which  ojH'ii  into  the  fiords  of  the  .Atlantic  and  Arctic  Oceans  or  in  the 
broader  \alleys  converging  in  the  southeast  toward  the  Skagerrak. 

The  NoRWE(iiAN 

The  harsh  and  inclement  soil  of  Norway  supports  a  small  enough  popu¬ 
lation  only  twr)  and  a  half  millions  on  I25.(XK)  square  miles.  It  is  not 
surprising;  here  man  has  thrw  enemies — barren  rock,  high  altitude,  north¬ 
erly  latitude.  But  the  people  are  robust,  remarkable  alike  for  tenacity  and 
fiatience  and  cohesiveness.  These  (pialities  have  triumphed  over  natural 
obstacles:  the  Norwegians  have  succeeded  in  combining  into  a  national 
IxKly  the  small  groups  scatterixl  over  a  vast  area  and  separatcxl  from  one 
another  by  ice,  mountain,  or  sea.  On  the  western  coasts  in  the  Middle 
Ages  lived  the  hardy  seamen  and  pirates,  the  Vikings,  that  carried  terror 
to  all  the  shores  of  Europe.  On  the  plains  of  Trondhjem  arose  the  confed¬ 
erations  of  bonder;  and  here  in  the  eleventh  century,  under  the  chieftain 
known  as  Saint  Olaf,  the  chief  force  of  the  country  was  concentrated. 
Erom  Stavanger  to  .Xalesund  aiuLfrom  Trondhjem  to  ('hristiania  the  clans 
of  the  Vikings  and  the  trilK's  of  the  bonder  were  unitt“d,  and  Norway 
came  into  e.xisteiice — that  is  nearly  nine  centuries  ago. 

Her  people,  it  is  true,  have  known  long  |H‘ri<Hls  of  submergence.  The 
fiord  dwellers  of  the  west  were  reducwl  to  a  state  of  economic  iMuidage 
by  the  (iermans  of  the  Hanseatic  League;  for  four  centuries  Norway 
was  a  |M)litical  de|H*ndency  of  I  )enmark;  in  1S14,  though  she  acquired  auton¬ 
omy,  she  was  com|H*lled  to  accept  a  dynastic  union  with  Sweden,  It  was 
only  in  ic)<)5  that  the  last  lK)nd  was  broken  and  Norway  regaipe<l  the 
absolute  independence  she  had  enioytxl  in  medieval  times.  Her  |H‘ople— 
farmers,  siiilors,  artis;ins,  animattxl  by  a  truly  democratic  .spirit — hold  an 
honorable  |K)sition  in  nuHlern  civilization.  A  et  the  countiA’  has  not  re- 
110111101x1  the  old  traditions;  on  the  contrary  she  clings  to  the  most  ancient 
of  them  with  singular  |x‘rsistence.  Esix'cially  among  the  farming  folk 
one  .SIX'S  an  active  attachment  to  the  past  assfK.'iattxl  with  a  characteristic 
individualism. 

.\i.oNG  THE  Fiords  and  on  the  Kjei.d 


Let  us  follow  the  shores  of  the  fionls  on  one  of  the  little  mail  steamers 
that  may  lx*  met  with  almost  anvwhere.  Where  the  fiord  walls  sink  to 
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a  coastal  bench  one  sees  meadows,  fields,  and  houses  built  of  wood  .uid 
'  often  painted  in  brilliant  colors  and  always  standing  alone.  These  are  the 
^aards,  the  estates  of  the  |X‘asant  proprietors.  The  gaards  are  never  in 
groups:  often  on  a  strip  of  plain,  quite  unconnected  with  the  rest  of  the 

I world,  will  Ik“  seen  a  single  faard.  At  long  intervals  rise  church  and  Ih,*!! 

tower,  equally  isolatwl;  and  here  Indore  your  eyes  is  the  center  of  a  rural 


Fiu.  6 — Uakkc,  near  Oudvangen,  Nzrol'jurU. 


community,  herred,  the  political  and  social  lx)nd  Ix'tween  the  gaards 
separaterl  from  one  another  by  rock  walls  and  arms  of  the  sea.  In  all 
Norxay  there  are  but  640  herreder;  hence  you  may  gauge  the  extensive  area 
of  these  rural  communities. 

Two  questions  naturally  arise;  how  do  the  inhabitants  of  the  gaards 
gain  a  livelihood,  and  how  do  they  communicate  with  their  neighlK)rs,  the 
nearest  of  whom  are  often  far  distant? 

Around  the  gaards  are  small  fields,  carefully  tilled,  growing  a  little  wheat 
in  the  extreme  south  but  chiefly  r>’e,  oats,  barley,  and  potatoes,  and  for 
cattle  fodder  a  crop  of  turnips.  In  many  fiord  valleys  the  chief  cultivation 
is  a  mixed  crop  of  barley  and  oats  {hlandkorn).  On  the  warmer  slopes  of  the 
south  and  esptH-ially  in  the  more  genial  climate  of  Hardangerfjord,  the  sun- 
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nifst  part  of  Norway,  cherries,  apples,  and  |X“ars  tlourish;  farther  north,  as 
far  as  Trondhjein.  j>:<K)selK‘rries  are  an  important  crop. 

Although  such  exploitation  of  the  soil  is  a  real  triumph  of  inj;enuitv  and 
patience,  it  does  not  suthce  to  support  the  population,  small  as  it  is.  .\s  one 
travels  northwards  vejietables,  jjrains.  and  fruits  dwindle  in  size,  and  their 
priHluction  is  small.  In  Norway  the  area  under  focul  crops  represents  only  a 


Kio.  7 — Sognefjord.  (Photograph  by  H,  P.  Ulich.) 

small  fraction  of  the  land,  hardly  a  hundred-and-forty-fourth  part;  and  it  is 
imi)ossil)le  to  increast*  this  proportion.  .\s  a  matter  of  fact  the  farmers  of 
the  fiords,  like  the  fishermen,  live  largely  on  fish.  For  the  most  part,  how¬ 
ever,  they  do  not  make  the  catch  themselves,  for  the  waters  of  the  fiords 
are  not  well  sttK'kc'd.  Fish  must  1h*  Imught,  and  cattle  serve  as  the  medium  of 
exchange.  His  cattle  mean  far  more  to  the  Norwegian  farmer  than  his  crops. 
The  cultivaterl  part  of  his  farm  (indmark)  is  of  limitetl  extent;  in  contrast 
his  pasture  indmark)  is  |)ractically  limitless:  it  includes  immense  stretches  of 
fjeld  where  the  cattle  are  grazed  in  the  summer.  The  fjeld  is  the  Norwegian 
alp:  it  has  its  summer  chalets,  the  sa-ler. 

The  life  of  the  srrter  lasts  during  the  two  or  three  months  of  summer  in  the 
great  fjeldsof  the  southern  region  (In'tween  Christiania,  Bergen,  and  Trond- 
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hjeni)  from  2(K)  to  (xx)  meters  in  altitude.  Then  the  fjeld  is  ocxupiecl  I)v 
cattle  grazing  in  complete  lilxTty.  .\t  the  end  of  the  season  descent  is  made 
to  the  ^aards  for  the  long  and  trying  winter  st*ason,  trying  because  the  S(  ant 
rest)urces  t)f  hay  and  rtK)t  crops  tlo  not  always  suffice  the  need,  esjxxially  in 
the  north.  Should  these*  resources  fail  rexourse  is  had  to  fish  offal,  the  her¬ 
ring  of  Komsdal  or  the  c(h1  of  the  Lofoten  Islands.  The  cattle  accomiiKKlate 
themselves  very  well  to  this  kind  of  LkhI — a  strange  thing  in  herbivorous 
animals. 

On  the  fjelds  of  Xordland  and  in  the  extreme  north  the  pastoral  lifeof  the 
Norwegian  farmer  and  his  cattle  is  of  little  moment.  From  the  latitude  of 
Trondhjem  northward  the  country  is  largely  (xcupierl  by  the  Lapps  and 
their  herds  of  reindeer.  These  curious  nomadic  jH'ople  and  curious  arctic 
animals  range  from  Norway  through  Sweden  into  Finland:  Lapland  with  its 
indefinite  limits  stretching  over  the  lM)real  zone  of  these  three  countries. 

The  Norwegian  farmer  of  the  guards,  in  spite  of  the  immense  stretches  of 
the  udnnirk  where  he  pastures  his  cattle,  would  st*c*m  to  lead  an  isolati*d  life— 
a  fact  reflected  in  a  way  in  his  taciturnity  and  re.serve  and  also  in  his  repug¬ 
nance  to  any  form  of  co-oiH*ration.  Vet,  isolati*d  as  he  is,  he  is  not  a  stivage; 
and  indi“e<l  the  physical  isolation  is  not  so  great  as  one  might  at  first  sight 
imagine.  The  lowland  strips  along  the  shores  and  narrow  valleys  sprinklwl 
with  guards  are  often  in  communication  by  narrow  open  passes  (eide)  over 
t  he  fjelds :  of  glacial  origin,  these  passes  are  well  adapt e<l  to  the  establishment 
of  roads.  Telephone  wires  run  the  length  of  the  fiord  and  across  the  fjeld 
from  gaard  to  guard  and  even  from  secter  to  setter,  and  the  fiord  itsc'lf  is  a  high¬ 
way  o|K‘n  to  the  iK>ssc*ssor  of  a  lM)at.  During  the  year  traveling  sclunds  go 
from  farm  to  farm  to  give  instruction  to  a  |x*ople  avid  of  learning.  Physi¬ 
cians  also  make  tours  of  their  communes  for  the  spread  of  hygienic  knowl- 
eilge;  and  the  telephone  and  the  telegraph  make  it  ftossible  to  call  the  (hn-tor 
in  go<Kl  season  to  the  lx*dside  of  the  patient  even  in  the  most  distant  guards. 
~  'Phe  great  valleys  and  forests  through  the  whole  southeastern  part  of  Nor¬ 
way  where  the  valleys,  roads,  and  railways  converge  toward  the  Christiania 
Fjord,  (iudbrandsdal,  Hallingdal,  and  the  lake-filled  valleys  of  Telemark, 
the  physical  isolation  of  the  Norwegian  |x*as;mts  Ix'comes  less  marked.  The 
approach  one  another  and  form  groups;  cultivable  lands  are  more 
extensive  and  follow  one  after  the  other,  no  longer  separate<l  by  masses  of 
barren  nn'k  but  by  vast  and  magnificent  forests  that  are  among  the  most 
Ix'autiful  in  Furojx*.  These*  southeastern  valleys  are  preeminently  the 
domain  of  the  |x*asimt  arist<KTacy,  the  bonder,  which  actually  governs  the 
countiA”  their  forests  are  one  of  the  principal  sources  of  wealth  of  all 
Norway. 

The  forests  for  the  most  part  are  masses  of  evergreen,  Scotch  fir  and  Nor¬ 
way  spruce,  the  uniform  tones  of  which  are  happily  brightenetl  here  and 
there  by  the  silveiA-  flashes  of  the  birch.  They  cover  no  less  than  70,<hm) 
square  kilometers,  or  more  than  a  fifth  of  the  total  surface  of  the  countiA’. 
Although  the  forests  lx*long  to  the  state  or  to  individual  Norwegians  and 
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Figs.  8  and  9 — Examples  of  the  slahbur,  barn  granary,  in  Telemark. 

TIutc  are  those,  however,  who  profit  by  the  trade  at  the  luinlx-r-ex- 
jMtrting  wharfs  (kuiesteder),  the  chief  of  which  are  round  Christiania — 
Skien,  Ftwlrikstad,  and  particularly  Dranimen.  Some  4<K),(xk)  cubic 
meters  of  rough  or  half-finished  lumlxT  are  exported  annually,  and  also 
35o,(KK)  cubic  meters  of  pulp  wfKxl  and  cellulose.  The  w<kk1  industries 
are  ver\’  prosperous  as  they  are  favoretl  by  the  abundance  of  water  power, 
and  since  the  development  of  hydro-electricity  sawmills  and  pulp  works 
have  multiplied  greatly.  Ttxlay  exploitation  of  the  forests  is  arou.sing, 
from  economic  torpor  the  old  province  of  Xordland  Ix'tween  Trondhjem 
and  B(k16.  Its  splendid  forests  have  Ix'en  little  utilized  up  to  the  present. 
Kxploitation,  however,  will  come  when  the  railway  system,  which  now 
terminates  a  little  to  the  north  of  Trondhjem,  is  extended  to  B(k1o,  well 
bevond  the  arctic  circle. 


Sf:a  Fishf:ries  of  thf:  Skerry  Guard 

On  the  coasts  of  Norway  there  is  no  clearly  defined  line  between  farmer 
and  fisherman.  The  farmer  has  his  Ixiat  and  fishes  when  he  has  the  op- 


!..rm  an  essential  element  among  the  resources  of  the  nation,  the  lumlx*rmen 
are  not  all  Norwegians.  C^uite  often,  especially  in  the  immense  forests  along 
the  Swedish  frontier,  they  are  of  the  Finnish  race,  descendants  of  Finnish 
immigrants  of  the  seventeenth  century.  If  we  consider  this  in  connection 
with  the  occupation  by  the  Lapps  of  the  great  fjelds  of  the  mwth,  we  may 
understand  the  truth  expressed  in  the  official  account  published  on  the  occa¬ 
sion  of  the  Baris  Kxixtsition  of  krk)  to  the  effect  that  “the  Norwegians  are 
a  coast  iK-ople  and  to  a  certain  extent  a  valley  people.”  Indeed  they  prefer 
not  to  live  anyw  here  else. 


|)<)rtunity:  he  catches  siilmon  in 
the  fiords  and  sets  his  herring 
nets  at  the  entry  of  the  narrow 
tidal  channels.  The  fisherman 
tends  the  little  fields  about  his 
^aard  e\en  on  the  rwlcy  islets, 
scant  of  soil  and  exixrsetl  to  the 
hi^h  winds  from  the  sea;  in¬ 
variably  he  has  some  pasture 
land  and  at  least  one  or  two 
cows.  .As  the  most  prorluctive 
fishing  takes  place  in  the  winter, 
the  fishermen  find  time  to  work 
on  the  land  in  spring  and  sum¬ 
mer.  Hut  this  combination  of 
occupations  is  realized  in  full 
only  as  far  north  as  the  latitude 
of  Trondhjem.  Beyond  that 
as  one . procetxls  northward  the 
land  Irecomes  hostile  to  all  cul¬ 
tivation,  and  man  looks  for  his 
support  to  the  sc‘a.  Further¬ 
more,  it  is  in  the  subarctic  and 
arctic  zones  that  the  fisheries 
are  most  fruitful.  Fighty  iK*r 
cent  of  the  entire  catch  of  the 
Xorwegian  coast  is  taken  north 
of  Cape  Stat. 

The  fisheries  of  the  skeriy 
guard  are  classed  as  daily  and 
seasonal.  The  former  furnish 
fresh  fish  daily  to  the  markets  of 
the  coast  towns.  Bergen  pos¬ 
sesses  the  most  famous  and  most 
interesting  of  these  markets 
where  from  the  fishponds  of  sea 
w'ater  constantly  renewed  the 
buyers  can  choose  haddwk. 
redfish,  mackerel,  turbots,  con¬ 
ger  eels,  and  also  crustaceans 
(lobsters  and  prawns),  which 
the  waters  of  the  continental 
shelf  and  the  sounds  yield  in 
abundance.  Fvery  Norwegian 
I)ort  has  its  quays  and  fishing 


-Uenningsvaer,  a  tuhrry  station  in  the  Ixifotens. 

•Another  view  of  Henningsvarr 

•Hammerfest. 
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;  .isins  where  tmats  with  and 
without  decks  rock  on  the  waves 
am!  where  the  movement  of 
( (.mins  and  goins,  the  discharge, 
^ale,  and  despatch  of  fish  testify 
to  the  importance  of  the  indus- 
trv.  The  coast  towns,  Stavan¬ 
ger,  Bergen ,  C  h  rist  iansund ,  Aale- 
siind,  Trondhjem,  have  each  its 
fisheiA'  quarter  and  its  fisher¬ 
men,  as  do  the  towns  of  the 
Mediterranean,  and  are  as  rich 
in  color  and  life  as  are  they. 

The  seasonal  fisheries  from 
the  south  of  Norway  to  the 
north  of  Trondhjem  include 
chiefiy  those  of  the  sprat,  a  sort 
of  large  sartline,  and  the  herring. 
The  sprat  fishery  takes  place  in 
winter,  that  of  the  herring  in 
summer.  Nets  of  different  types 
are  use<l  for  both.  In  the  case  of 
the  herring  extraordinary  catch¬ 
es  are  sometimes  made  at  the 
entrance  of  the  tidal  channels, 
which  constitute  a  kind  of  trap. 
The  catch  is  in  large  part 
destined  for  export,  and  there 
are  curing  and  canningestablish- 
ments  at  many  points  of  the 
coast,  notably  at  Stavanger 
and  .\alesund.  Salted  herring 
is  the  chief  export. 

.Although  the  fishermen  are 
no  more  predis|K>sed  to  co-opera¬ 
tion  than  the  farmers,  it  has  in 
some  measure  been  forced  on 
them  by  the  nature  of  their 
calling  and  by  desire  to  increase 
the  yield  of  the  fisheries.  They 
have  especially  profited  by  the 
admirable  work  of  the  Nor¬ 
wegian  oceanographers  B.  Hel- 
land  Hansen,  Michael  Sars,  and 
Johann  Hjort  on  the  physics  and 


Fig.  i.-j — Encampment  of  Lapps  near  Lyngen. 
Fig.  14 — Glaciers  of  Lyngenfjord. 

F'ig.  15 — Glacier  of  Svartis. 
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biolojjy  of  the  sea.  Kquipment  also  has  been  modernized.  For  all  kinds 
of  fishin>{,  use  of  motor  boats  has  increased  enormously  in  recent  year*,  in 
I()I4  there  were  only  2o<)  such  lM)ats;  at  the  end  of  i<)22  they  numbered  t5o_v 

run  ('<)!)  Fisi:kkii-;s  of  thk  Fofotfxs  and  Finmakk 

Of  the  seasonal  fisheries  much  the  most  tlourishinji  and  important  in 
general  trade  is  the  c(k1  fishery  of  the  waters  of  the  X’estfjord  to  the  south 
of  the  l.ob'.ens  and  on  the  coast  of  Finmark. 

.\t  the  f<K)t  of  the  snow-coveretl  crests  of  the  Lofotens  are  the  wimkIcii 
wharves  of  some  forty  tishinj!;  stations  i  fiskei'er),  of  which  Svolvjer  is  the 
chief.  Hither  at  the  end  of  winter,  from  February  to  March,  assi-mbles 
a  flotilla  of  fishinjj  Iniats  and  cargo  Iniats,  the  former  to  make  the  catch, 
the  latter  to  carry  it  away.  .At  that  st*ason  the  cixl  shoal  in  the  water> 
of  Vestfjord  and  draw  fishers  from  afar,  from  all  the  coasts  and  interior 
of  Norway  and  even  from  Swedish  Lapland.  To  the  nunilxT  of  eleven  or 
twelve  thousiind,  not  including  the  women  and  children,  they  establish 
themscdves  in  the  fishing  stations,  taking  up  their  quarters  in  the  rorbodcr. 
great  wiKxlen  shetis.  riience  they  set  out  each  morning,  with  motor  Imat. 
saillxiat,  or  even  rowlxiat  to  fish  for  c(k1  all  along  the  A’estfjord.  Fquip- 
nient  is  as  varieil  as  the  Ixiats — bottom  nets,  iMittom  lines,  ordinary  lines 
with  sinkers. 

'I'lie  fish  are  prepared  for  exjxirtation  on  the  s|M)t :  this  explains  the  pres¬ 
ence  of  women  and  children.  There  are  two  tyjx-s  of  prejxiration.  Stockfish 
(iorfisk)  is  made  by  removing  the  heads  and  entrails  and  dr>'ing  the  fish 
on  wcKKlen  platforms.  The  preparation  of  klipfisk,  which  is  held  in  greater 
esti-em  and  has  a  higher  market  \alue,  is  somewhat  more  elalxirate.  The 
initial  stage  is  the  siime  as  that  of  the  stix'kfish;  then  the  fish  are  siiltinl  in 
the  sluxl  and  dried  in  the  open  air  on  the  flat  or  slightly  rounded  rocks 
that  form  the  shore  of  the  Lofotens.  Fish  thus  prepared  are  exjiorted  all 
over  the  world.  The  prixluction  of  the  fisheries  of  the  Vestfjord  for  these 
two  months  is  valued  at  an  annual  figure  of  from  fifteen  to  twenty  million 
gold  francs. 

As  .April  apjiroaches  the  cod  begin  to  leave  the  waters  of  Vestfjord  and 
apfxar  in  increasing  numlx'rs  off  the  shores  of  Troniso  and  Finmark  whither 
they  pursue  a  small  fish,  the  ca|x*lin,  then  abundant  in  these  waters  and 
their  chief  prey.  Now  the  fishing  season  of  Finmark  begins  and  is  prose- 
ciitixl  with  great  profit  up  to  July.  Troniso  and  Hamnierfest  are  the  chief 
stations  for  this  industry. 

Distant  Fisiikriks  and  Ockan  Trade 

.Although  the  resources  of  their  own  seas  are  so  rich  and  so  varied,  they 
do  not  siitisfy  the  Norwegian  fishermen,  who  seek  more  distant  fields  and 
a  larger  prize.  They  have  long  found  profit  in  the  whaling  industr\’,  and 
to  its  jxrfei'ting  they  have  made  notable  contributions.  It  was  a  Nor- 
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vMRian.  Svend  Foyn  of  Tdnsber^,  that  in  iS()8  iiiventt‘<l  the  hariKK)n  gun. 
t(Klay  in  use  on  all  whaling  vessels.  Formerly  the  Norwegians  e.xploiled 
;he  Arctic  seas  as  far  as  Spitsbergen,  now  rect)gnized  as  a  iMilitical  deixMid- 
,  ncy  of  Norway;  but  since  the  beginning  of  the  century  they  have  abandoned 
ilu-se  regions,  at  least  temiK)rarily,  for  whales  have  here  become  scarce. 
Today  it  is  off  the  coasts  of  equatorial  Africa  and  in  the  southern  Atlantic 
that  the  Norwegian  whalers  pursue  their  laborious  but  lucrative  calling. 
Steamships  of  five  hundred  to  six  hundred  tons  outhttetl  at  Tdnsberg, 
barvik,  and  Sandefjord  in  the  environs  of  C'hristiania  are  generally  em¬ 
ployed  in  the  industry. 

Seal  hunting  and  walrus  hunting  are  still  conducted  in  the  waters  of 
Iceland  and  Spitsbergen  by  means  of  motor  lK)ats  of  eighty  to  one  hundred 
tons  outfitted  at  various  west  coast  ports,  notably  .\alesund,  Troms<),  and 
Hammerfest. 

numerous  and  hardy  marine,  experience  in  the  hunting  and  fishing  of  all 
kinds  of  st*a  animals,  timber  in  abundance  for  the  building  of  boats  as  well 
as  for  ex|Kjrt — these  are  the  chief  elements  whence  has  developed  the  great 
maritime  commerce  of  Norway.  In  spite  of  the  competition  of  other  forms 
of  industry  it  still  remains  the  principal  and  most  flourishing  feature  of  the 
economic  life  of  the  countr\-.  Its  vitality  is  proved  by  the  way  in  which 
e(iuipment  has  been  nKnlernized  and  the  extent  to  which  steel  ships  and 
motor  jK)wer  have  increasingly’  replaced  the  old  sailing  ships.  The  mercan¬ 
tile  marine  has  rapidly  made  gcnnl  the  lo.sses  sustained  during  the  war — 
t)7q.(KK)  tons,  more  than  that  of  any  other  nation  except  Fngland.  With 
its  2,6.^o,(kk)  tons,  of  which  nine-tenths  are  under  steam,  Norwegian  ship¬ 
ping  holds  third  rank  in  Kurope. 

The  great  .shipping  towns  are  Christiania  and  Bergen.  Christiania  holds 
first  rank  for  port  movement,  Bergen  first  for  tonnage  of  vessels  belonging 
to  its  outfitters.  But  the  maritime  activity  of  the  country  is  not  limited  to 
these  two  towns;  it  is  dispersed  all  along  the  coast  from  Christiania  to  Trond- 
hjem.  Kvery  port  has  its  share;  all  are  active  and  flourishing. 

Thk  FiTfRE:  Industry  and  Fahor 

By  virtue  of  her  products  of  forest  and  sea  Norway  has  long  enjoyed  a 
measure  of  industrial  activity:  lumlx-r  has  been  worked  by  water-driven 
sawmills;  oil,  ctKlliver  oil,  and  guano  have  Iwen  extracted  from  fish  anil  ex- 
jxtrted  from  sev’eral  places,  especially  Svolvier  and  Bergen.  But  it  is  hydro¬ 
electric  power  that  has  given  rise  to  the  present  industrial  development  of 
the  country’.  Though  raw  materials  are  not  abundant — there  is  only  a  little 
iron  and  copper — the  resources  of  hydro-electric  energy  are  so  great  and  so 
easily  put  to  service  that  several  large  industrial  plants  have  been  estab- 
lisheil.  Falls  already’  harnessed  give  i,630,txx)  hor.se  power,  and  potential 
IK)wer  is  reckoned  at  i2,(x)o,(kk)  horse  power.  The  chief  plants,  those  at 
Notixlden,  at  Rjukan,  and  at  Odde  in  southern  Norway,  are  devoted  to 
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the  pnKlurtion  of  industrial  nitrogen,  calcium  carbide,  anti  nitrogenoii- 
fertilizers. 

This  large-st'ale  industry  has  createtl  in  a  countr>’  of  fishermen,  siiilor>. 
and  farmers  an  artisan  class  whose  numl>ers  are  rapidly  growing  and  growing 
es|x*cially  at  the  expense  of  maritime  industry.  Here  the  numlKTs  are  di¬ 
minishing  esiH'cially  in  the  ruder  branches,  such  as  the  winter  fisheries.  The 
farmer  class  d(K*s  not  diminish.  Fifteen  years  ago  maritime  industry 
tK'cupied  I 58,(kk)  workers:  it  now  counts  only  io9,(XK)  (against  65(),(mx)  on 
the  land).  The  figures  indicate  a  movement  of  social  evolution  destined 
without  doubt  to  change  in  smne  measure  the  physiognomy’ of  picturestjue 
old  N\)rway. 


AVALANCHES 


By  Andre  Ai.i.ix 

Institut  (ii*  ( '>et)graphie  Alpine,  (irenoble 

At^thf  eiul  of  Dft'fiiilHT,  1923,  the  (x*currence  of  a  great  number  of 
avalanches  brought  much  suffering  and  inconvenience  to  the  high  valleys 
of  the  French  Alps.  In  Oisitns  and  Briam^onnais  many  roads  and  railways 
were  cut.  In  I'pper  Tarentaise  an  entire  village  was  engulfixl,  and  several 
[H'rsons  and  all  the  cattle  were  lost.'  In  I’pper  Maurienne  the  highest 
villages  were  cut  oft  from  all  outside  communication  for  five  days;  they  had 
no  post,  no  bread,  no  telephone,  no  electricity.  On  the  roads  aiul  in  the 
chalets  isolattnl  men  were  overwhelmed.  The  international  route  from 
France  to  Italy  by  Maurienne  and  the  Mt.  ('enis  tunnel  was  cut  and  also 
the  lines  to  C'hamoni.x  and  Bourg  St.  Maurice.  The  total  losses  in  the 
French  .Alps  alone  in  the  last  week  of  1923  may  be  put  at  some  14  human 
lives  and  nearly  a  million  francs. 

Now  thest*  catastrophes  are  in  no  way  e.xceptional.  They  (X'cur  many 
times  during  the  winter  in  the  alpine  regions.  Kach  mountain  massif  has 
its  ravines  down  which  avalanches  dest'end  every  year.  It  is  only  the 
size  of  the  avalanches  that  varies;  in  normal  years  they  are  generally  limiteil 
and  do  little  damage;  exceptionally’  one  or  more  assume  catastrophic 
dimensions.  In  the  siime  winter  in  the  same  valley  there  may  occur  simul- 
tane<)usly  l)oth  small  and  large  avala’tches.  The  fretpiency  and  ix'ritKlicity 
of  avalanches  and  the  jx’rmanent  menace  which  they  present  in  the  moun¬ 
tains  are  sufticient  reason  why  this  phenomenon  has  iK’en  well  studied  in 
the  mountainous  regions  of  Furope. 

StI  DIES  ox  Av.VLANt  HES 

On  the  subject  of  avalanches  there  are  no  less  than  30  recent  works 
worthy  of  note;  17  are  French,  1 1  Swiss,  ii  German  or  .Austrian,  8  Italian, 
3  Scottish.  With  the  exception  of  the  fundamental  works  of  ('oaz  and  Heim, 
l)oth  Swiss,  they  date  back  less  than  20  years.  The  greatest  part  of  this 
literature  is  due  to  alpinists  and  ski  runners,  the  fxople  who  have  the 
greatest  reason  to  fear  avalanches  and  who  have  the  best  opportunities  for 
direct  observation.*  Then  come  the  studies  made  in  Switzerland  and  France 

'  F.  Gcx:  Lrs  avalanctm  dr  ftn  d^mbre  1013  rn  Savoir,  Rev.  de  Giotr.  Alpine,  Vol.  12,  1924.  pp.  129-135. 

•W.  W.  Naismith:  Snowcraft  in  Scotland.  NcoMuA  Mountaineering  Club  Journ.,  Vol.  2.  i»92-93-  PP- 
>37-167. 

F.  W.  Sprccher:  Gnindlawinrnitudien,  Jakrbuch  Sckveiver  .Alpenelub,  Vol.  33,  1899.  pp.  268-292;  Vol. 
37.  >901.  pp.  219-243. 

Max  Madlener:  CberSchnerlawinengrfahr.  DruncArAlprnsri.'iin;.  Vol.  3. 1903-04.  pp.  169-173. 

Jo«rf  Milller  and  A.  von  Radio-Radiis:  (Irfahren  des  Schnrrschuhlaufrs  in  drn  Hochalprn.  Mill.  Peutsck. 
nnd  Otsl.  Alpenvereins,  Vol.  30.  1904.  pp.  8-9  and  17-18. 

W6dl:  Dir  I.awinrnKrfahr  bri  wintrrlichcn  Hochtourrn.  O'sl.  .Alpemeitung,  Vol.  26.  1904.  pp.  73-82. 
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by  memlwrs  of  the  Forest  Service.  The  w(>rk  of  Dr.  Coaz,  former  direrior 
of  the  Swiss  SiTvice  of  Waters  and  Forests*  still  remains  at  the  head  of  this 
cateRoiA-;  but  the  French  foresters  have  lately  made  some  notable  additions 
to  the  literature  of  the  subjet't.^ 

More  recently  jjeo^raphers  and  glaciologists  have  been  resixmsible  for 
valuable  contributions.®  To  these  three  tlistinct  categories  of  scientilic 
studies  on  avalanches  must  In.*  addwl  numerous  descriptive  and  popular 
articles  amon^  which  much  useful  information  is  to  be  found.®  It  should, 
however,  l>e  observwl  that  several  of  the  first  category  and  many  of  the 
other  catejjories  derive  from  a  common  source:  they  are  des<'endants  of 

U.  vein  Kicker:  Wintersclincc  und  UawinrnbildunK.  Orsl.  Vnl.  27.  1905.  t>l>. 

W.  Pauickc:  Manuel  de  nki.  traduit  de  la  troisi^nie  Mitiun  alleniande  jiar  F.  Acliard.  Paris  and  Nancy. 
1905. 

Harold  Raeburn:  Scottish  Snow.  HcoUish  MtiuHlainerring  Club  Jouru.,  Vol.  8.  1905.  pp.  385-298. 

FZmil  Zsigmondy  and  W.  Paulcke;  Die  Gefaliren  der  .\lpen,  4th  edit.,  Innsbruck,  1908  (the  cliapter  on 
avalanches  is  by  Dr.  Paulcke  and  lias  been  added  to  this  edition). 

Henry  Hoek:  On  Snow  Avalanches.  Alpint  Journ.,  No.  175.  Vol.  23.  1906-07,  pp.  379-386. 

Mathias  Zdarsky:  Die  Skiaugen  im  Clebirge.  Drt  -SVImrr  (Wothrusirifl  drr  .t/pm-.sXivrriiiri).  Vienna. N'nl.  2. 
Nos.  22,  24.  35,  36,  37,  March  .30  to  May  4, 1907. 

Henry  Hoek  and  E.  C.  Ricliardson;  Der  Schi  und  seine  sportliche  Beniitzung  (cover  title.  Der  Schilauf), 
3rd  edit.,  Munich  and  Vienna,  1908  (French  translation  by  Ixiuis  .Arnaud,  Le  Ski,  (trenoble,  1909). 

F>nst  Bliss:  Cber  die  l.awinen.  Jakrbuih  SchuetZfT  Alpeiulub,  Vol.  45.  1909  10,  pp.  250-373. 

F'.  W.  Sprecher:  .Alpiner  Skilauf  und  l.awinengcfahr, -S'fci  (Jakrbuch  dts  Sclncri:-SkirfrbaHdfs),\'t>\.  1912. 
pp.  10-36. 

.\dolfo  Hess:  Le  valanglic.  Rir.  MensiU  Club  Alpino  Italiano,  Vol.  35,  1916,  pp.  302-317. 

F'ritz  Rutgers;  Die  Lawinengefahr  fUr  Touristen,  Ratgfbfr  fur  Brrgstrittr.  Vol.  1.  1916,  pp.  98  133.  heraus- 
gegelH-n  von  der  Sektion  “Uto,”  Schweizer  Alpenclub.  Zurich. 

Max  Oechslin:  F:in  Beitrag  zur  Kenntnis  der  Lawinen.  Alpiua:  Mill.  Schwtizrr  Alptuclub,  Vol.  31,  1933, 
PP-  303-31  z. 

'  J.  Coaz;  Die  Lawinen  der  Schweizeralpen,  znd  edit.,  Berne,  1881. 

tdrm.  Die  Lawinenacliaden  im  Schweizerischen  Hochgebirge  im  Winter  und  FrUhjahr  1887-1888.  Berne, 
1889. 

Idem.  Statistik  und  Verbau  der  Lawinen  in  den  Schweizeralpen,  Berne,  1910. 

*  V.  Hulin:  I«a  avalanches,  .Awn.  Soc.  dts  Touristes  du  Pauphini,  Grenoble,  Vol.  37. 1911.  pp.  333-366,  and 
V'ol.  38.  1913.  pp.  305-229. 

P.  Mougin:  Les  avalanches  en  Savoie,  forming  pp.  175-333  of  Etudes  glaciologiques.  Vol.  4,  Direct.  Gen. 
des  Flaux  et  F'or^ts.  Minist.  de  I'Agric.,  Paris.  1933  (the  bibliography  gives  7  earlier  works  of  the  author,  pub¬ 
lished  or  unpublished,  and  those  of  his  collaborators  of  the  Conservation  des  FZaux  et  For8ts  de  Chambery, 
summarized  in  this  very  important  work.  See  also  the  ac.-ount  in  Rrr.  dr  Gfogr.  Alpine.  Vol.  11,  1933.  pp. 
800-805).  I  have  to  thank  the  Inspector  General  of  Forests,  M.  P.  Mougin.  for  the  right  to  reproduce  the 
photographs  of  M.  V.  Hulin  who  made  the  collection  fur  the  French  forestry  administration.  I  am  equally 
grateful  to  M.  Hulin,  chief  of  forestry  of  Grenoble,  for  the  willingness  with  which  he  has  placed  at  my  dis¬ 
position  his  knowledge,  data,  and  photographs.  With  M.  J.  Brocherel,  cited  below,  to  whom  I  am  equally 
indebted,  he  is  a  s{iecialist  in  photograiihing  avalanches.  All  his  views  are  taken  in  Dauphin^;  those  of  M. 
Brocherel  come  for  the  most  part  from  the  Italian  .Al|>s. 

*  Alb«-rt  Heim:  Handbuch  der  Gletscherkunde,  Stuttgart.  1885. 

Vincenz  Pollack;  Cber  die  Lawinen  Oesterreichs  und  der  Schweiz  und  deren  Verbauungrn,  Zeitakr, 
Oest.  Ingeuieus-  und  ArckUekleu  Verrius.  Vol.  43,  1891.  pp-  >8-39. 

J.  Brocherel:  Le  valanghe.  Emporium:  Rivista  MensiU  Illustrata  d’ArU,  Lrtteralura.  Seirnu  t  rnricM, 
Vol.  41,  1915.  pp.  293-.t09. 

E.  Binfvent:  I-a  neige  dans  les  .Alpes  Francaises,  Recueil  des  Trot,  de  I’Inst.  de  Gtogr.  Alpine,  Vol.  s,  i9'7. 
pp.  403-497. 

F'.  Gex:  Les  avalanches  du  rebord  subalpin  de  la  Combe  de  Savoie.  La  Gfograpkie,  Vol.  39,  19*3.  PP- 
36-53  and  165-179. 

Idem:  Les  avalanches  en  Savoie  durant  I’hiver  1923-1933.  Rrr.  de  Gfogr.  Alpine,  Vol.  1 1,  1933.  PP-  4**7-5>  •• 

.Andr^  .Allix:  Les  avalanches  de  1923-1933  en  Dauphin^,  ibid.,  \’ol.  11,  1933-  PP-  5I3-S37' 

See  also  works  cited  later. 

*  J.  G.  Ebel;  .Anieitung.  die  Schweiz  zu  bereisen,  4  vols.,  Zurich,  1809. 

Jules  Michelet;  La  Montagne.  7th  edit.,  Paris,  1868. 

Cliarles  Rabot:  Pierres  qui  roulent.  neiges  qui  tuent.  Lectures  pour  Tons:  Ret.  UnirerseUe  el  Eopulaire 
lUustrfe,  Vol.  6.  1904,  pp.  305-513. 

Mario  Tedeschi:  Le  valanghe  nell'Inverno.  La  Sorgenle.  Touring  Club  Italiano,  Vol.  6. 1933.  pp.  31-45  *t  al. 


Ill-  work  of  Dr.  Coaz.  None  can  pass  as  (letinitive;  the  sul)ject  is  t«K) 
ast.  The  prestMit  work  makes  no  attempt  to  Ih*  exhaustive.  It  simply 
liins  to  give  an  outline  of  the  whole,  es|H‘eially  intemltHi  for  jieojjra- 


Fig.  I — Glacier  avalanche  on  the  southern  face  of  the  Grandes  Jorasses.  French  tlo|)e  of 
Mont  Blanc.  (Photograph  by  J.  Brorhrrcl.) 


phers.  In  the  prrx'ess  some  new  observations  will  Ik*  presented,  tojjether 
with  a  plan  for  clarifying  the  vexed  question  of  classification  and  a  dis¬ 
cussion  of  the  only  phase  of  the  subject  that  has  not  receive<l  much  atten¬ 
tion — the  pretliction  of  avalanches. 
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AvaI.ANCHKS  WITHOIT  Sxow 

A  Rreat  variety  of  phenomena  l)ear  the  name  “avalanche”  or  an  equi\a- 
lent  term,^  lavanches,  laves,  lavines,  laui,  lauinen,  valanghe,  and  yet  fall 
outside  the  ran^e  of  this  study.  They  are  accidents  likely  to  <K'cur  at  any 
season  of  the  year  and  involving  other  material  than  snow.  The  fact  that 
common  s|K“ech  has  only  a  single  word  for  these  various  (K'currences  is 
pr(K)f  of  their  similarity  at  least  as  regards  general  apjx'arance  and  human 
cons(‘quences;  but  physically  and  gi'ographically  they  are  entirely  distinct 
phenomena.  Karth  slides  are  those  which  most  nearly’  resemble  snow  slides. 
When  a  mass  of  earth  logins  to  slide  and  still  retains  a  certain  cohesion  it 
moves  as  a  blcK'k  or  bl(K'ks  without  other  apparent  deformation  than  the 
change  in  level:  this  is  the  foira^e  (landslip)  of  the  French  authors  and 
resembles  the  planche  (iH)ard)  of  snow,  the  initial  phase  of  the  snowy- 
avalanche.  If  the  earth  continues  to  slide  a  sufficient  distance  the  mass 
breaks  up,  Ix’comes  pulverized,  and  then  mo\es  as  a  fluid  substance;  a 
phenomenon  analogous  to  the  course  pursued  by  the  ground  avalanche. 
The  terms  “landslide”  and  “Bergstiirz”  are  unfortunately  common  to  the 
two  cases.®  Somewhat  different  but  Ixdonging  to  the  siime  family  is  the 
rrH’k  flow,  resembling  in  its  movement,  if  abrupt  a  volcanic  flow,*  if  slow 
a  glacier.  It  has  l)een  well  studied  in  .Xmerica  and  Switzerland  under  the 
name  of  rock  stream.*®  In  both  cases  there  is  involved  a  mass  of  earth 
jH'rmeated  with  water  and  moving  as  a  viscous  fluid. 

While  lava  Hows,  as  their  name  imlicates,  Ixdong  to  the  same  family, 
real  avalanches  of  cinders  or  volcanic  ash  have  also  Ixxm  studied,  “dry- 
avalanches,”  the  characters  of  which  are  almost  identical  with  those  of 
snow  avalanches.**  Lastly  all  alpinists  know  that  the  cliffs  of  glaciers 
often  give  way  in  summer,  prcKlucing  “.summer  avalanches”  or  “glacier 
avalanches”  (Figs,  i  and  2).  Conditions  of  formation  in  this  case  are 
evidently  entirely’  different  from  those  of  snow  avalanches**  and  involve 
falls  of  ice  rather  than  slides  pro|X‘rly’  so  termed.  J.  Hnn'lierel  has  recently 
investigattxl  an  instance  where  a  glacial  slide  has  lx*en  provoked  by  the 

’  Abbf  (>cx  has  shown  that  the  French  and  EnitUsh  term  is  a  corruption  of  the  old  French  term  laTanckt. 
ThU  term,  used  in  Savoy,  Dauphiny,  and  Switzerland  appears  constantly  in  medieval  chronicles  latinized 
under  the  form  lavamhia. 

*  1.  C.  Russell  has  studied  accidents  of  the  first  class:  Topographic  F'eatures  Due  to  Landslides,  Popular  Set. 
Monthly,  Vol.  s.t.  PP-  480-489;  and  Albert  Heim  accidents  of  the  second:  Cber  Bergstilrze,  Ntnjahrsbhiti 
der  XurichfT  \atur.  ilesell.,  1882;  Der  Bergsturz  von  Elm.  Zeilschr.  Peulsck.  Geol.  Gtsrll.,  Vol.  34,  1882.  pp. 
74-115.  See  also  M.  N’eumayr:  I’eber  Bergstiirze,  Zeitschr.  Prutsch.  und  Orsl.  AlprHtrrtins.  Vol.  20.  1889. 
pp.  19-36;  H.  F'errand:  Histoire  de  la  chute  du  Granicr  en  1248,  .4fi8.  Club  Alpin  Franfais.Vol.  g,  1882, 
pp.  580  4io2  .Among  the  important  accidents  that  of  Flims  is  of  the  first  class,  those  of  Elm  and  Granier  the 
sectmd. 

*  P.  Mougin:  Les  glissements  de  terrain,  Comples  reudus  du  Congrts  dt  I'Alpinisme  (Monaco,  ipio),  2 
vols.  in  I.  Paris.  1921;  reference  in  Vol  i,  pp.  423-435. 

■*  Andr£  Chaix:  Les  coulees  de  blocs  du  Parc  National  Suisse  d'Engadine  (Note  pr61iminaire).  Lf  Globe, 
Vol.  62.  1923,  M^moires,  pp.  1-33.  C>eneva.  gives  a  bibliography  completed  by  the  account  of  A.  .Allix  on  that 
work,  Rer.  de  Giogr.  Alpine.  Vol.  12.  1924,  pp.  161-163. 

■■  .A.  Lacroix;  L'6ruption  du  V^suve  en  avril  1906,  Ret.  Gfn.  des  Set.,  Vol.  17,  1906.  pp.  881-899  and 
923-936  It  may  be  said  that  the  term  coulie  de  late  is.  etymologically,  a  pleonasm. 

>*  Such  an  avalanche  takes  place  at  the  edge  of  "cliff  glaciers"  using  this  word  in  the  restricted  sense  em¬ 
ployed  by  VV.  H.  Hobbs:  Characteristics  of  Existing  Glaciers.  New  York,  1911,  p.  57.  See  also  J.  BrocherrI; 
Kboulement  et  avalanches  au  Mont  Blanc,  .AMgarfa  Praetoria.  .Aoste,  Italy,  Vol.  2,  1920,  16  pp. 


of  a  HK-k  slide  onto  a  jjlaner.  This  case,  a  true  jilacial  ritHxl.exeeptiHl. 
n  cidents  of  this  kind  in  the  Alps  do  not  result  in  catastrophes  analoj^ous  to 
those  caustxl  by  snow  l)ecause  of  the  altitudes  at  which  they  take  place. 


C'i,.\ssiFU  ATioxs  OF  Snow  Av.\LANtHF:s 


Si“\eral  classifications  of  snow  avalanches  have  iK'en  projM)sed,  a  rircuin- 
siance  which  in  itself  sujtyjests  that  none  has  provexl  entirely  sjttisfactory. 
One  might  almost  siiy  that  every  author  has  his  own  system,  a  new  classi- 
tication  In-ing  de  ri^ueiir  for  each  new  work.  ,\s  a  matter  of  fact  all  tlu 


Fig.  a — \  Email  glacier  avalanche  on  the  summit  of  Ecrins  (aio.t  m.).  the  upper  part  of 
the  Glacier  Blanc  in  Oitans.  Note  the  man  in  the  foreground.  The  camera  was  tilted  at  a 
large  angle.  (Photograph  by  A.  Allix.) 

classificiitions  proposexl  In-ar  more  or  less  rest*mblance  to  one  another,  or 
rather  are  more  or  less  easily  recognized  as  pertaining  to  a  single  prototype  - 
the  classic  division  into  avalanches  de  poussihe,  or  avalanches  de  surface,  and 
avalanches  de  fond.  Hoek'*  gives  the  English  rendering  as  “powdery 
avalanches”  and  “solid  avalanches;”  but,  for  the  latter,  “ground  ava¬ 
lanche”  would  ix,'rhaps  lie  more  exact.  This,  the  classification  of  Dr.  ('oaz 
and  his  followers,  gives  scientific  form  to  a  distinction  long  recognizwl  by 
mountaineers.  In  the  sixteenth  century  JosiasSimler  and,  in  the  eighteenth 
centurx’,  Scheuchzer  had  already  given  expression  to  such  an  idea.** 

‘•Op.  cit. 

*•  JoEiat  Simler:  Vallesiae  et  Alpium  dcEcriptio  (ist  edit.,  1574).  edited  and  translated  by  W.  A.  B.  Coolidge 
in  Josiaa  Simler  et  les  origines  de  I'alpinisme  jusqu'en  1600,  Grenuble,  1004. 

J.  J.  Scheuchzer:  Itinera  per  Helvetiae  alpinas  regiones  facta  annis  1702-10,  4  vols..  Leiden,  1723.  Cf. 
Hess.  op.  cil.,  p.  J05. 
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Zdarsky  has  shown  that  the  jjround  avalanche,  in  the  ordinary  sense, 
does  not  necessarily  remove  all  the  snow  layer  and,  inversely,  that  the 
[powdery  avalanche  may  sometimes  lay  bare  the  surface.  Hm*k,  a^ain,  has 
niven  more  precise  meanin}?  to  these  two  terms.  He  understands  by  |>ow- 
dery  avalanche  “that  which  is  formed  of  fresh  snow,  lij;ht  and  tine;  and  by 
ground  avalanche  that  which  is  formetl  of  wet,  compact,  agglutinated 
>now.”  Or.  Paulcke,  who  in  his  manual  of  skiiny;  distinjjuishes  powdery 
avalanches,  jiround  avalanches,  and  powdery-ground  avalanches  {ava¬ 
lanches  (ie  fond  poudreiises),  has  jjiven  in  the  fourth  edition  of  the  celebrated 
work  of  Zsijimondy  a  classification  of  avalanches  based  on  the  condition  of 
the  snow:  fresh  (SenschneeUm'inen)  or  old  {Altschneelau'inen).  Avalanches 
of  fresh  snow  fall  into  two  catejjories  according  to  whether  the  snow  is 
dry  or  wet.  Meyer  von  Knonau  distinguishes  four  categories:  i)owdery 
(Staiibla'ii'inen),  ground  {Grundla-u'inen),  sliding  {Schleichla'icinen) ,  and 
“tile"  iSchlagla'ii'ineti).^^  Y.  Hulin  recognizes  six:  (i)  volatile,  correspond¬ 
ing  to  the  Stauhla'ii'ine;  (2)  terrihe,  corresponding  to  Grundhm'ine;  (3) 
wixle,  a  combination  of  the  two  previous  forms,  corresponding  to  I’aulcke’s 
avalanche 'de  fond  poudreiise;  (4)  ranipante,  corresponding  to  the  Schleich- 
laicine;  (5)  en  tuile,  corresponding  to  the  Schlaglau'ine;  (6)  de  surface, 
corres|)onding  to  Oberla'u'ine  but  including  in  Hulin’s  classification  the 
case  of  the  “balling”  avalanche.  Finally,  the  last  classification,  projxist'd 
by  Max  Oechslin,  is  simply  a  return  to  the  first — surface  avalanches  {Ober- 
laudnen)  and  ground  avalanches  (Grundlaunnen). 

Obviously  all  these  classifications,  which  reflect  more  or  less  common 
obserx  ation  and  make  use  of  popular  expressions,  are  of  an  empirical  charac¬ 
ter.  Many  authors,  in  particular  P.  Mougin,  insist  on  the  number  of  com¬ 
plex  types  which  cannot  be  placet!  in  set  categories.  .As  a  matter  of  fact 
none  of  the  above  classifications  is  satisfactory  l)ecause  each  has  considered 
the  question  from  one  viewpoint  only.  The  majority  adopt  as  a  basis  the 
methtnl  of  fall  and  neglect  the  condition  of  the  snow;  that  of  Paulcke- 
Zsigmondy  takes  the  reverse  stand. 

.Atte.mpt  .\t  a  Rational  Classification 

Now  there  is  only  one  means  of  uniting  the  two  princiides  of  classifica¬ 
tion;  that  is  to  draw  up  a  double-entry  table,  making  a  place  for  all  possible 
combinations.  It  will  be  recalled  that  it  was  by  this  method  that  Rinne 
intrrxluced  clarity  into  the  classification  of  eruptive  nK'ks.*®  In  the  accom¬ 
panying  table  1  have  attempted  to  place  thus  all  forms  of  avalanches  known 
to  me  either  from  personal  experience  or  in  scientific  literature.  The  value 
of  such  a  table  dejHmds  in  considerable  measure  on  the  choice  of  rubrics. 
.As  regards  the  state  of  the  snow  I  have  discarderl  Paulcke-Zsigmondy’s 
sulxlivision  though  it  is  the  only  one  along  these  lines  pro|X)stxI  up  to  now. 

“  G«rold  Meyer  von  Knonau:  Erdkunde  der  echweizeriftchen  Eidgenossenschaft.  2  vols.,  Zurich,  1838-39. 

'*  Friedrich  Rinne:  Praktische  Gesteinskunde.  »nd  edit.,  Hanover,  1903.  French  adaptation  by  L.  Pervin- 
ouiire:  £tude  pratique  des  roches,  and  edit.,  Paris.  191a. 
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For  age  of  the  snow  gives  no  indication  of  its  condition,  beyond  a  surmise  as 
to  its  density.  Fresh  snow  will  give  rise  to  very  different  tyjx*s  of  avalanches 
according  as  to  whether  it  is  cold  or  warm,  that  is  to  say  dry  or  wet.  It  is. 
I  Ix'lieve,  this  last  distinction  UjK)n  which  the  nature  of  an  avalanche  pri¬ 
marily  depends.  In  making  the  distinction  iK'tween  dr>-  and  wet  snow  fun¬ 
damental  I  am  only  conforming  to  an  empirical  classification  which  is  well 
known  to  the  mountaineer  and  which  I  am  surprised  not  to  have  seen 


Kl<i.  5  Flo.  6 

Flos.  5  and  6 — Two  unique  photographs  of  powdery  avalanches  in  descent.  (Fig.  5  by  C.  Grauwiltfr. 
Grindelwald;  F'ig.  6  by  W.  Nehrkorn.  reproduced  by  permission  of  R.  Schudel,  Grindelwald.) 


discussed  by  any  of  the  numerous  theorists  of  the  subject;  only  Charles 
Ralnit  mentions  it  incidentally — the  division  into  cold  avalanches  {ava¬ 
lanches  froides)  and  warm  avalanches  {avalanches  de  chaleur,  which  for  cor- 
resi>ondence  of  term  I  will  call  avalanches  chaudes),  it  Ixing  understfKxl 
that  the  term  “warm”  is  purely  relative.  This  mountaineer’s  classification 
is  the  only  one  in  which  the  terms  are  mutually  exclusive;  that  is  to  say  in 
which  combinations  arc  impossible. 

The  cold  avalanche  comprises  almost  all  occurrences  classified  by  Coa/ 
as  powdery  avalanches;  it  is  more  comprehensive  than  that  of  the  simple 
sujx'rficial  avalanche.  The  cold  avalanche  invoK'es  the  movement  of  dr>' 
snow;  it  takes  place  in  winter,  most  often  during  the  time  of  greatest  cold, 
and  almost  always  coincides  with  a  drop  in  temix*rature. 
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The  warm  avalanche  is  pnxlucetl  only  when  there  is  a  thaw;  it  involves 
the  movement  of  wet  snow.  Contrarv-  to  a  widely  held  opinion,  it  can  take 
place  in  winter  as  well  as  spring;  it  is  incorrect  to  designate  it  “spring 
avalanche”  as  op|M)st*d  to  “winter  avalanche.”  The  warm  avalanche  in¬ 
cludes  the  greater  part  of  the  avalanches  classititnl  by  Coaz  as  ground 
a\alanches. 

In  classifying  according  to  conditions  of  fall  the  difficulty  is  to  find  jdace 
for  the  aborttnl  avalanche,  that  is  to  siiy  such  as  is  arrest tnl  in  the  stage  of 
departure.  All  alpinists  know  this  as  a  ver\’  common  case  of  which  the 
type  form  is  the  planche  of  snow,  the  “snow  board.”  It  occurrtHl  to  me 
that  the  point  of  view  to  adopt  was  that  of  the  several  stages  of  development. 
Heim  had  already  distinguished  the  zones  of  departure,  course,  and  arrival 
(Abrissgehiet,  Lau'inenzug,  Lawinenkegel)  but  he  had  not  utilized  the  dis¬ 
tinction  as  a  basis  of  classification.  Used  thus  it  permits  us  to  distinguish, 
as  no  classification  has  done  heretofore,  the  ver>-  varied  forms  presentt*d  by 
avalanches  both  in  the  course  of  their  fall  and  after  their  arrest.  The  cone 
of  the  avalanche  in  particular  assumes  a  great  number  of  different  forms, 
dejn'iident  on  the  m(xie  of  fall,  surface  topography,  and  nature  of  the  snow. 

The  Starting  Point,  or  Zone  of  Defartlre 

Ski  runners  are  well  aware  of  the  capricious  variations  of  the  snow- 
surface.  It  needs  but  little  ex{H*rience  to  iH'come  accpiainted  with  the 
rapidity  with  which  it  can  change  in  consistency,  density,  cohesion,  ac¬ 
cording  to  meteorological  conditions  and  the  time  of  day.  It  has  Ix'en  well 
said  that  on  this  subject  even  the  most  skillful  ski  runner  has  something 
to  learn.  These  diverse  asjwcts  of  the  snow  must  be  taken  into  account  in 
classifying  avalanches  according  to  the  zone  of  departure. 

COED  AV.\LAN( TIES 

Cold  snow  may  lx*  either  fresh  and  light  or  old  and  compressed.  In  the 
latter  case  it  is  almost  always  congealetl,  more  or  less  transformed  into  a 
bubbly  kind  of  ice.  It  is  exceptional  that  such  snow  slides,  ('old  avalanches 
are  comjwsed  only  of  light  snow  that  lacks  cohesion.  The  snow  may  lie 
directly  on  the  ground — a  circumstance  unfavorable  to  the  formation  of  an 
avalanche  but  not  necessarily  prohibitive.  It  may  rest  upon  a  la>er  of 
older  and  harder  snow,  which  affords  an  excellent  sliding  plane.  Here 
arises  the  customary  confusion  between  cold  avalanches  and  su|H‘rficial 
avalanches. 

This  snow,  as  we  have  said,  is  characterized  by  feeble  cohesion.  It  may 
l)e  floury-  in  its  entire  thickness;  it  may  be  floury  under  a  thin  crust  of  harder 
snow  or  ice.  W  hen  more  compressetl  it  will  grind,  hardening  under  the 
pressure  of  the  skis;  in  this  case  it  may  again  be  homogeneous  or  crusted. 
•According  to  Max  Oechslin,  who  has  made  a  critical  study  of  the  matter, 
fresh  snow  has  a  density  of  0.07;  and  compressed  snow,  two  days  after 
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fulling,  a  density  of  0.20.  Avalanches  of  Houry  snow  are  rare,  l)ecause  snow 
changes  consistency  a  few  hours  after  falling,  l)ecoming  more  coherent. 

Schlanintweit  (cited  by  Heim)  established  the  category  of  “balling  ava¬ 
lanche”  {avalanche  en  bottle;  Rolllaivine) .  V.  Hulin  t(K)k  it  to  be  a  particu¬ 
lar  case  of  superficial  avalanche.  In  reality  its  occurrence  is  rare,  es|H‘ciall\ 
in  cold  snow,  and  it  never  attains  significant  dimensions.  foreign  IkmIv 
falling  on  the  surface  of  snow  may  determine  the  formation  of  a  ball, 
which  when  once  startiil  rolling  will  continue  to  grow  by’  the  accumulation 
ctf  more  snow.  But  if  the  snow  is  coherent  the  ball  will  aluHiys  be  arrested 
In-fore  it  has  gone  far,  friction  and  adhesion  e.xceeding  the  motive  force.  On 
the  other  hand  if  the  snow  is  but  slightly  coherent  and  needs  only  to  lx-  put 
in  motion,  the  disturbance  caust-d  by  the  rolling  of  the  ball  will  s(X)n  enough 
determine  the  starting  point  of  a  normal  avalanche  (compare  f(K)tnote  Kj). 
'I'he  motion  of  the  normal  avalanche  itself  almost  always  causes  the  forma¬ 
tion  of  globular  lumps  of  snow,  jjrc/o/.9,  of  which  more  anon. 

C"old  compactt*d  snow  gives  rise  to  the  commonest  initial  form  of  cold 
avalanche,  the  pianette  of  snow,  “snow  board,”  the  Schneebrett  of  the 
(lerman  writers. The  layer  of  snow  has  the  ap|H-arance  of  Ix-ing  cut  uj) 
into  a  numlK-r  of  plate-like  st-ctions,  the  dimensions  of  which  are  on  the 
order  of  kh)  meters  by  kk)  meters.  This  manpietry  may  result  from  alter¬ 
nations  of  temperature,  with  corres|>onding  movements  of  e.xpansion  and 
contraction.  It  is  most  often  prcKluci-d  in  crustwl  snow,  though  this  con¬ 
dition  is  not  indis|K‘ns;ibIe.  The  least  disturbance,  the  simple  cutting 
of  a  det-p  track  by  alpinists  in  single  file  may  lead  to  the  slipping  of  one  of 
the  st-ctions  of  the  manpietry.  It  will  break  away  with  a  loud  report  like 
a  rifle  shot.  The  slipping  of  the  snow  in  relatively  coherent  plates  has 
naturally  the  effect  of  e.vercising  vigorous  compression  in  the  lower  part. 
This  may  lx-  so  violent  as  to  give  rise  to  a  creaking  noise— the  snow  “cries.” 
The  lower  part  of  the  snow  Iniard  plowing  forward  raises  a  series  of  t-ddy- 
like  waves.  The  alpinist  taken  by  surprise  loses  his  equilibrium  at  the 
arrival  of  the  first  of  these  t-ddies;  he  is  swept  off  his  feet  and  plunged  head 
downwards  into  the  mass  of  moving  snow  in  which  he  may'  be  burit*d  by 
successive  waves  uidess  he  keep  on  the  surface  by  a  swimming  motion. 

In  the  lower  parts  of  the  avalanche  the  snow  is  |x>werfully  compressi-d. 
.\s  Tyndall’s  classic  exjx-riments  demonstrattHl,  compression  causes  con¬ 
gealing.  However  light  it  was  at  the  {xVmt  of  departure  the  snow  then 
always  Ix-comes  hard  as  ice.  M.  Pierre  Lory  told  me  his  ex|X‘rience  on 
Belledonne  where  he  was  surprised  by  a  diminutive  avalanche.  The  move¬ 
ment  of  the  hard  snow  wrenched  the  ice  axe  from  his  hand  with  an  irresisti¬ 
ble  force.**  It  is  this  hardening  of  the  snow  that  renders  death  almost 
inevitable  if  resc'ue  is  not  at  hand,  for  the  alpinist  thus  caught  who  is  not 
able  to  regain  the  surface  finds  himself  i)aralyze<I  in  a  sheath  of  ice.  Vic¬ 
tims  who  sink  in  deeply  can  only  be  reacht-d  by  rare  giKxl  fortune. 

I’  Excellent  photograph  in  the  work  of  Hoek  and  Richardson.  Dr.  Itoek  has  given  the  best  descriptions 
of  the  phenomenon  and  has  proposed  the  Englisli  equivalent  snow  board  (op.  cit.). 

>'  See  also  the  account  by  Mrs.  Clark,  cited  below,  footnote  44. 


rill.  7 — Avalanchrs  in  llic  Oisang  rcKiun.  east  nl  Cirmoble,  shown  on  Itie  hmuh  iirniTal  Slatt  mai>  i :  No.ooo 
'liRlitly  reduced),  a — .\valancheg  of  192,1  in  the  valley  of  Eau  d'Olle.  Nuinhi-rg  have  refereme  to  photo- 
Itraphg:  2  is  shown  in  KiRure  26.  ,1  in  l•'itture  21.  4  in  EiRures  29  and  .10.  5  in  KiRiire  12.  <>  in  KiRure  22. 
f‘  -.\valanche  of  Rolierts,  l.ivet.  March  ,i.  192.1.  The  cross  indicates  the  jwiint  whence  the  photoRraph  KiRure 
25  was  taken.  Si-e  also  EiRure  27.  c — .\valanche  of  I.a  Rivoire.  Mont^de-l-ans.  March  ,1.  1923.  The  cross 
indicates  the  point  whence  the  photoRraph  E'iRure  13  was  taken.  S-e  also  Eigures  19.  20.  32,  :  nd  .13. 
d — .\valanche  of  l.a  Dauchdre,  Venose,  Eehruary,  1904  (after  data  hy  Pierre  I.ory).  The  dashes  indicate 
the  course  taken  by  the  "wind  of  the  avalanche.”  the  cross  the  point  whence  the  photoRraphs  EiRures  10  and 
1 1  were  taken. 


Kig.  8 — Avalancim  on  thp  Col  Ornon,  Taillefer  massif  (DauphinO.  May  3,  1023.  two  months 
after  their  descent.  (Photograph  by  V.  Ilulin.) 


\\  htMi  thus  compresstHl,  crusht“d,  anti  overturned  the  snow  plates  break 
up,  assutning  the  form  of  more  or  less  roundwl  lumps  usually  the  si/.e  of  a 
man’s  head  or  even  larjjer  (Fig.  3).  These  firelols,  as  V.  Hulin  has  termed 
them,  are  characteristic  of  the  snow  of  avalanches.  It  is  e.xceptional  that 
the  snow  slides  in  a  homogeneous  mass  without  the  formation  of  zrelots: 
this  hapfH'ns  practically  only  in  the  case  of  Hour>-  snow. 


\v.\RM  .\v.tL.\x(  in:s 

W  arm  snow  is  always  damp.  C'onsequently  it  is  more  cohesive  than  cold 
snow.  It  is  also  heavier.  Max  Oechslin  gives  0.45  as  the  density  of  fre>h 
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Kio.  9 — An  avalanche  at  Petite*  Sables  (Oisans),  December  31 
done  to  the  wood  through  which  it  has  passed. 


wet  snow,  and  0.70  to  0.85  for  old  wet  snow  compacttnl  by  pircssure.  This 
snow  may  l)e  more  or  less  water-soaketl,  more  or  less  granular,  more  or  less 
“sticky”  to  the  skis;  it  may  lie  either  crusted  or  uncrustwl.  It  slips  in 
inasst's,  larger  and  slower  in  movement  than  the  cold  snow.  Warm  snow 
never  has  a  Hour>’  appearance.  When  rolling  balls  are  formed  in  this  kind 
of  snow  they  have  exactly  the  same  character  as  those  formt'd  in  cold  snow 
and  the  comments  made  al)ove  in  regard  to  them  are  applicable  here.** 

A  type  of  avalanche  peculiar  to  warm  snow  is  the  tiiile  or  tile.  Wet 
snow  always  slides  on  the  slopes  that  it  covers,  though  this  movement  may 


"■‘I  cannot  sufficiently  emphasiM  the  fact  that  a  'balling'  avalanche  never  occurs — no 
house-high  giant's  football.”  (Hoek.  op.  cit.,  p.  38*.  note.) 
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Till-;  (.IXKiKAPHlCAL  REVIEW 


Ik,*  vt*r>*  slow.  1*.  Moulin  and  Max  (k'chslin  have  both  made  investigations 
thereon.™  The  phenomenon  may  Ik*  ohservwl  in  winter  on  any  hoii-e 
ro<)f  — on  any  snow-coveretl  slopes,  in  fact,  provided  the  inclination  is 
surticient.  On  the  edge  of  the  roof  the  layer  of  snow  slips  down  and  over¬ 
hangs  for  a  time  until  the  force  of  cohesion  is  overcome,  when  it  l)reak•^, 
precipitating  a  “tile”  of  snow  on  the  ground  or  the  heads  of  unwary  passiT^- 
hy.  This  little  accident  is  common  enough  in  the  alpine  regions  and  is  the 
reason  why  the  riKif  s1o|h*s  are  generally  broken  up  by  horizontal  laths  or 
lM*rder(.*d  by  little  parafK'ts. 

On  a  continuous  slofH*  the  rupture  of  the  layer  of  wet  snow  is  followe<l 
by  a  rapid  sliding  which  accelerates  to  a  velocity  limitt“d  by  friction  and 
the  varying  inertia  of  moving  snow.  This  is  a  phenomenon  quite  com¬ 
parable  to  that  of  the  snow  iKiard,  although  it  is  slower,  and  it  always 
leaves  the  grouiul  exi)ost*d  (Fig.  ;^).**  It  is  similar  enough  to  a  landslide, 
and  1  suggest  expressing  it  by  the  siune  term  foira^e,  renderwl  in  Knglish 
by  “snowslip.” 

.\s  in  the  cast*  of  earthy  material  the/ofrugc  may  Ik*  shortly  arrested  and 
compacted  in  place  (Fig.  3).  Such  a  condition  may  Ik.*  termt*d  bouctier, 
“snow  shield”  {Scinteeschild).  It  ap|K*ars  to  me,  Ix'st  to  limit  the  term 
thus  rather  than  apply  it  as  H(K*k  and  other  (ierman  writers  have  done 
to  the  cold  snow  Uiard.  If  the  snowslip  continues  its  courst*.  it  develops 
snow  waves  and  breaks  up  with  the  formation  of  ^relots  as  in  the  snow 
lK)ard. 

Before  turning  to  the  second  stage  we  must  state  the  degree  of  slope  w  hich 
lK*rmits  the  formation  of  rapid  slides.  H(K*k  defines  as  dangerous  a  .sIojk* 
of  23°;  Rutgers  places  it  lK*tw<*en  22°  and  25°.  Max  Oechslin  has  observi*<l 
the  departure  of  an  avalanche  on  bare  frozen  ground  on  a  s1o|k*  of  alnuit 
16°.  It  would  ap|k*ar,  however,  that  such  a  case  is  exceptional  and  that 
the  normal  value  of  the  critical  angle  is  the  average  given  by  H<K*k. 

Zonk  of  C'oi  rse 

The  snow  lK)ard  or  the  .snowslip,  as  we  have  seen,  can  Ik*  arrestwl  in  the 
departure  stage  when  we  have  what  I  pro|)ose*  to  call  "short”  slips.  If  the 
snow  continues  its  |)rogress  we  have  “long”  slips,  which  are  transformwl 
into  flows.  Rarely  does  the  tlcHKl  of  snow  spread  over  a  broad  slope  (Fig. 
3).  Most  t)ften  it  scnmer  or  later  molds  itst*lf  into  a  ravine;  this  is  the 
couloir  or  chimney  of  the  avalanche.  Hobbs  uses  the  term  couloir  to 
express  this  idea  in  Knglish;  it  would  apix*ar  to  me  preferable  to  use  the 
term  “gully”  for  the  former  word  and  “funnel.”  suggested  by  Hoek.  for 
the  latter. 

•  This  sluling  has  never  been  clearly  i>bserved  for  absolutely  dry  snow.  It  is  probable  that  it  takes  pla>  e. 
but  the  lack  of  cohesion  rend«-rs  iniiiossible  the  phenomenon  of  the  luile,  it  being  re|)laced  by  the  cascade  of 
powdery  snow. 

Max  Oechslin  has  an  interesting  photograph  of  a  slide  of  this  nature  on  its  way,  leaving  bare  the  ground 
behind  it. 
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(01,1)  AVALANCHKS 

It  often  hapiKMis  that  the  ^iilly  of  the  avalanche  is  interrupted  by  an 

nipt  break  in  slope.  In  such  c'ase  the  snow  is  precipitated  forward  as  a 
•  waterfall”  of  snow  coining  to  rest  with  the  noise  of  a  thunderclap.  With 
\iry  floury  snow  the  cascade  may  appear  as  suddenly  as  a  dust  whirl. 
The  crystals  of  snow  are  so  lij;ht  and  1<k)s«‘  that  they  whirl  in  the  air  like 
dust.  Photographs  of  such  cases  are  ver\-  rare  (Kij>:s.  5  and  6). 

When  the  snow  is  a  little  more  compacted  and  when  it  is  composed  of 
hnni>s  the  cast'ade  is  slower  and  more  continuous.  From  afar  it  may  clost'ly 
resemble  a  waterfall  in  api>earance  though  the  wind  raises  only  a  little 
white  dust  about  it.  'I'his  1  propose  to  term  “fountain”  (Fig.  4).  The 
“fountain”  may  run  for  several  hours,  even  days,  with  oc'casional  interrup¬ 
tions;  it  prinluces  a  rumbling  noise,  dull  and  intermittent. 

When  the  slope  is  regular  there  is  only  a  flow.  I'he  snow  may  be  pow¬ 
dery  or  in  lumps;  if  the  former  it  will  Ik*  accompanied  by  a  great  Huriw-  of 
snow  dust.  Sometimes  the  speed  accjuired  is  suHicient  to  raise  the  entire 
mass  of  snow  in  the  air.  This  is  the  avalanche  of  snow  dust  projK'r  (Fig.  6). 
It  is  most  likely  to  hapix-n  where  jxiwdeiA’  snow  slides  over  a  surface  of 
old  snow  and  thus’attains  great  s|K*c‘d.  I  have  given  this  form  the  term 
“superficial  flow”  {coulee  super  fid  ell  e)  or  lightning  {coulee-hlair).  The 
speed  attaint'd  may  be  ^(K)  to  4(H)  kilometers*an  hour. 

When  dry  snow  slides  over  the  ground  leaving  it  bare  the  movement  is 
slower,  though  still  comparatively  rapid,  and  gives  rise*  to  less  flying  dust. 
It  corresponds  to  the  iMiwdery-ground  avalanches  produced  in  cold  snow. 

1  call  it  “deep  flow  ”  (coulee  profotide)  or  “rapid  flow”  {coulee  rapide).  Its 
veliK'ity  ranges  from  kk)  to  2(K)  kilometers  an  hour. 

WARM  AVAl.ANCltKS 

It  sometimes  happens  that  lumps  are  not  formed  in  light  snow.  This 
is  when  the  snow  is  very  wet  and  flows  as  a  st*mi-li(juid,  like  a  sherbet,  having 
a  homogeneous  ('onsistency  (Figs.  9.  23.  24).  But  in  the  vast  majority  of 
cast's,  and  invariably  when  the  snow  is  denst*,  lumps  are  formed.  The 
warm  avalanche  may  dest'end  as  a  cast'ade  when  the  relief  is  suitable,  but 
the  fall  in  such  case  is  slow  and  continuous — a  fountain.  1  have  describt'd 
elsewhere  one  that  flowt'd  for  more  than  three  weeks  before  In'ing  replact'd 
by  a  waterfall.”  In  Figure  H,  a  view  taken  in  spring,  are  cast'ades  of  water 
along  the  gullies  where  earlier  flowt'd  the  snow  fountains. 

Fight  wet  snow  gives  rise  to  rapid  Hows  that  attain  siK'eds  of  too  to  2(X) 
kilometers  an  hour.  Kxamples  are  known  where  such  snow  slides  over  an 
underlying  layer  of  old  .snow  ;  snow  dust  is  then  priKluced.  This  categor\’ 
includes  all  powdery-ground  avalanches  formed  in  warm  snow. 

Meaty  wet  snow  always  flows  more  slowly.  The  “slow  flow  ”  (coulee 
lente)  of  the  table  has  a  mean  velocity  of  20  to  50  kilometers  an  hour. 

®  Allix,  Les  avalanches  de  1911-1923  en  Dauphin^,  Rtv.  dt  .tZ/xnr.  Vol.  ii.  1913.  p.  510,  hig.  10. 
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Kig.  lo^Coinplex  avalanche  that  fell  at  La  Duuchdre.  V’cnotc,  Oitans.  February,  Note  on  the  left  the  wall  of  snow,  six  meters  hiuh.  pile<i  up  by  fluci«'»<«ive  Hi 

tf  the  hr«t  avalanche  (heavy  wet  snow).  Four  days  later  a  powdery  a\'alanche  cut  a  deep  striated  furrow  across  the  earlier  cone.  C'otniHirr  J-iaure  i  i.  (IHiotoarapli 


powdery  avalanche  cut  a  deep  striated  furrow  aerfMS  the  earlier  cone.  ('otnimre  J-iaurc*  ii  (I’hotfiicruph  hy 
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Sjh-ikI  is  retanlwl  not  only  by  its  weight  and  its  adhesion  to  the  ground  hut 
by  the  foreign  Uxlies  it  plucks  up  and  carries  along — earth,  nx-ks,  tn-es. 
J.  Bnn'herel  asserts  that  an  avalanche  of  this  sort,  heavily  laden,  may  How 
with  the  slow  majesty  of  a  lava  stream;  though  1  myself  have  never  ob- 
serx'ed  such  slowness  of  motion.  Avalanches  of  wet  heavy  snow  form  the 
classic  category  of  ground  avalanches. 

Both  slow  and  rapid  avalanches  may  slide  with  a  single  motion.  This 
I  have  termed  the  “single  How.”  Most  often  descent  is  accomplishtxl  hy 
.several  const'cutive  Hows.  Strangkxl  at  the  oiKMiing  of  a  ravine  tcx)  narrow 
to  accomimKlate  its  bulk  the  snow  divides  into  masses  which,  l)eing  thrown 
about,  kiKK'ked  together,  and  hurle<l  against  the  sides  of  the  ravine,  behave 
in  an  astonishing  way  and  later  on  take  most  surprising  forms.  Abbe  (  lex 
has  given  a  lively  description  of  this  smashing  up  of  the  avalanche  hy 
itself.^  This  I  have  termed  the  “c'om|M)und  How.”  The  successive  Hows 
are  differently  chargcxl  with  foreign  matters,  some  {xrhaps  Ix'ing  constituted 
of  pure  snow;  hence  here  is  a  distinct  banding  in  the  zone  of  arrival,  where 
the  course  of  the  avalanche  is  finally  arrest t“d. 

ZoxK  OF  Arrival 

In  the  zone  of  arrival  warm  and  cold  avalanches  give  rise  to  the  same 
forms.  Differences  in  form  depend  on  the  mcxle  of  fall  and  on  the  relief 
of  the  ground  whereon  the  avalanche  falls. 

Falling  at  the  f(X)t  of  a  slojx*  the  avalanc'he  will  pHnluce  a  cone,  or  fan. 
of  snow.  If  arrestcxl  in  the  ravine  the  form  resembles  the  tongue  of  a 
glacier.  The  single  How  gives  a  simple  c'one  (Fig.  8,  to  left;  Fig.  9)  ora 
simple  tongue.  The  t'om|X)und  How  results  in  a  gr<x)vcxl  appc'arance;  this 
may  lx*  termt*d  the  “gr(K)ved  cone”  and  “gr(X)vt*d  tongue.”  The  gr(X)vc*d 
cone  is  much  the  more  c'ommon  (Fig.  12),  but  the  grooved  tongue  is 
also  frecjiiently  stx*n  (Fig.  20).  The  photograph.  Figure  10,  presents  a 
magnificent  example  of  a  gr(H)ved  cone  whose  genesis  is  exceptionally 
interesting.-^  This  phenomenon  t(X)k  plac'c*  at  La  Dauchere  (commune  of 
X’enosc*  en  Oisiins)  in  the  Lauritel  valley,  in  February,  i<>04.  A  first  ava¬ 
lanche  of  heavy  wet  snow  (ground  avalanche)  pnxluccxl  a  great  gr(K»ved 
cone.  Four  days  later,  following  a  considerable  drop  in  the  temixjrature 
and  a  fall  of  snow,  a  c'old  avalanche  (|X)wdery  avalanche)  occurred  on  the 
siime  spot  and  tractxl  an  enormous  gr<K)ve  on  the  earlier  cone,  thus  consti¬ 
tuting  what  is  in  fact  a  double-grtxn  ed  cone. 

Sometimes  the  (X'currence  of  ix)wdery  and  ground  avalanches  is  prac¬ 
tically  simultaneous.  It  may  hapjx'ii  that  the  fall  of  a  cold  avalanche  from 
a  great  height  starts  the  <lescent  of  an  avalanche  of  heavy  wet  snow  in 
lower  and  warmer  regions.  Rarely,  however,  can  the  two  phenomena  lx 
distinguishtxl  in  such  case,  for  the  former  is  generally  of  smaller  volume  and 

••  F.  Gex:  Lcs  avalanches  en  Savoie  durant  I’hiver  1922-1923.  Rn.  de  Ceotr.  Alpine,  Vol.  ii.  19^3.  PP- 
4*7-511. 

•*  For  this  unpublished  pholngraph  and  accom|>anying  data  I  am  indebted  to  P.  Lory;  see  footnote  36. 
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1  .ihsorlml  by  the  latter.  More  commonly  one  sc*es  an  avalanche  of  wet 
luht  snow  at  a  hi^h  elevation  start  in  train  lower  down  an  avalanche  of 
111  a\  V  wet  snow.  I'he  coincidence  of  powderv-  and  jiround  avalanches  is 
^merally  to  Ik‘  interpretetl  this  way.  (i.  Hrmherel  has  a  lK*autiful  photo¬ 
graph  taken  at  ('ourmayeur  in  w  Inch  are  seen  side  by  side  jjullies  (x'cupitHl 
n^ix-ctively  by  a  powtlery  avalanche  and  a  ground  avalanche  leading  to 
a  -inele-gr(K>vetl  cone. 


Kic.  12 — Avalanche  at  La  V'oute  d’Oz,  Oisans,  on  March  3.  1023.  The  scar  markinK  the  point  of  departure 
lias  heen  lightly  reinforced.  See  Figure  7a.  No.  5.  (Photograph  by  V.  Hulin.) 

Fig.  13 — Avalanche  at  La  Kivoire,  Mont-de-Laus,  Oisans.  on  March  3.  1923.  The  scar  marking  the  point 
of  departure  has  been  lightly  reinforced.  The  cross  in  the  foreground  marks  the  site  of  a  house  overwhelmed 
and  destroyed  (Figs.  32,  33).  See  also  Figure  7«.  (Pliotograph  by  V.  Hulin.) 

*  W  hen  the  snow  is  not  very  abundant,  or  when  the  successive  Hows  travel 
with  very  different  sjx‘t*ds,  some  go  farther  than  others  and  are  apt  to  follow- 
divergent  tracks.  This  is  less  easy  to  observe  in  winter  when  the  ground 
is  covered  with  a  mantle  of  snow,  but  it  is  apparent  enough  in  the  spring 
when  the  suixrficial  snows  have  melted  and  only  the  accunuilati'd  mas.ses  of 
the  avalanches  survive.  It  gives  rise  to  a  special  tyjK?  of  cone  rarely  men- 
tionixl  in  spite  of  the  frequency  of  its  occurrence;  I  propose  to  term  it 
“palmate  cone.”  Figures  17  and  18  show  two  views  of  a  true  palmate 
cone;  Figure  16  has  side  by  side  with  a  true  palmate  cone  a  false  form 
pnxluced  by  the  conHuence  of  two  avalanches,  one  of  which  has  partially 
ridden  over  the  other. 

The  uninformetl  observer  might  imagine  that  the  cone  of  the  avalanche 
is  of  much  greater  dimensions  than  the  little  scar  in  the  form  of  an  inverted 
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tear  left  hiy;h  up  on  the  mountain  slope  by  the  snow  as  it  departs  (Figs. 
12,  i,^).  Hence  the  lK*lief  in  the  existence  of  tril)utar\-  avalanches  which 
swell  the  main  flow.  In  reality  it  is  only  an  optical  illusion  due  to  |)er- 
s|Kvtive,  and  the  error  may  Ik*  correctcKl  by  examininjj  the  map  (Fij;.  7). 
The  case  of  a  tributaiA’  avalanche  is  rare;  two  are  figurwl  on  the  map, 
Fifjure  7«,  one  to  the  south  of  HelU*donne  which,  however,  is  hyjx)thet- 
ical,  for  this  valley  is  inaccessible  in  the  season  of  avalanches — and  the 
other  alM)ve  Vaujany. 

Tonjjues  and  cones  present  ver\’  different  forms  and  attain  very  different 
distances  in  successive  years.  The  avalanche  shown  in  I'ijjure  12  most 
often  forms  a  tonjjue  in  its  ravine:  in  i«)Ot),  however,  the  How,  while  much 
thinner  than  in  1923,  travelc*d  farther.  F'igures  17  and  18  show  the  sjime 
palmate  cone  in  1923  and  19(^4  resjH'ctively ;  sometimes  it  ap|K‘ars  as  a 
tonjtue,  sometimes  as  a  cone.  When  a  How  is  launchcHl  with  particularly 
hij;h  sjK'ed,  instead  of  stopping  at  the  foot  of  the  slope  it  may  Ik*  carried  a 
distance  up  the  opposite  side.  .AlKuit  i8tx)  the  avalanche  of  Rol^rts  in 
Oisiins  (Fig.  yh)  crosscxl  the  lK“d  of  the  Romanc'hc  and  carrii*d  great  tree 
trunks  to  a  height  of  more  than  fifty  meters  up  the  opjwsite  bank. 

In  the  zone  of  arrival  the  snow  may  Ik*  homog.eneous,  but  most  often  it 
has  the  customaiA*  form  of  globular  lumps.  Heim,  who  has  remarkt*d  their 
abundance  (eitt  ungeheurer  Zahl  von  Schneeballen) ,  shows  that  they  may 
affect  the  most  varitnl  forms:  balls,  discs,  ellipsoids,  cylinders,  etc.  But  when 
alternate  thawing  and  freezing  has  lK*en  in  progress  for  some  days  (and 
this  has  generally  lK*en  the  case  when  the  cone  is  studierl)  the  form  of  the 
lumps  tends  to  Ik*  regularize*d  (Fig.  14).  Flxceptionally  they  attain  great 
size,  dimensions  on  the  order  of  a  cubic  meter  (F'ig.  15).  These  are  pro- 
ducetl,  I  iK'lieve,  in  the  last  stages  of  the  fall  of  a  light.  veiA*  wet  snow  com- 
pactwl  suddenly  towards  the  end  of  the  descent. 

Simple  cones  may  Ik*  compost*d  of  pure  snow  or  of  snow  chargi*d  with 
various  materials  collt*t't<.*d  in  the  desc'ent.  (ir<x)vwl  and  complex  coiu*s 
often  jiresent  a  streaky  appearance,  each  flow  ha\ing  reacted  in  its  own 
particular  manner  to  the  surface  over  which  it  progressed  (Fig.  24).  (>en- 
erally  the  latest  Hows  are  those*  lK*aring  most  earth,  but  there  are  exceptions.' 
On  the  right  hand  side  of  F'igureS  isstK*n  a  small  earthycone;  Figure2l  shows 
an  avalanche  charge*d  with  w(kk1  ;  Figure  28  an  earthy  and  W(Kxly  avalanche. 

The  cone  of  the  avalanche  takes  long  to  melt;  sometimes  a  residuum 
remains  from  year  to  year.  P.  Mougin  has  not  eel  an  avalanche  that  fell 
in  i860  in  I'pper  Tarentaist*  and  servetl  as  a  bridge  across  the  IsC*re  for 
se*venteen  months.  Nothing  is  more  dangerous,  as  .Abbe  (lex  has  jKnntwl 
out,  than  the  exploration  of  one  of  these*  cones.  When  the  avalanche  falls 
the  lumps  are  often  masst*d  togetht*r  in  unstable  t*quilibrium,  the  hollows 
lK*ing  conct*ale*<l.  .Again  the  melting  snow  is  usually  sapiK*el  from  1k*1ow 
with  the  formation  of  snow  grott(x*s,  and  the  rash  tourist  pr<x'e*e*ding  onto 
the  surface  falls  through.  Whe*n  me*lte<l  the  cone  of  the  avalanche  leaves 
lK*hind  a  more  or  le*ss  extensive  debris  of  earth  and  worxl,  the  “crasse”  ((  icx). 


Kio.  15 

Fig.  14— The  interior  structure  of  a  ({round  avalanche;  grelols.  lumjw.of  snow  roumleil  and  united  by  several 
ilays  of  alternate  tliaw'ing  and  freezing.  (l’hoto({raph  by  J.  Krix  herel.) 

Fig.  15 — Larije  balls  of  snow  remaininit  in  a  half-melted  avalanche  at  \  illard  d  KntraiKner  naiiphine). 
loll.  F'or  size  note  the  man  in  the  middle  of  the  scene  (Photoitraph  by  \  .  ffulin.) 
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FRKyCKXCY  OF  THE  X’AKIOLS  TyPES 

It  is  difficult  to  give  even  an  approximate  idea  of  the  relative  fretpiency 
of  the  several  types  of  avalanches,  ('oaz  and  Mougin  have  both  attempted 
an  estimate,  from  which  it  appears  that  ground  avalanches  are  much  the 
iiinst  numerous.  In  Savoy  during  the  peritxl  I9<k>  ur)!  to  0)13-1914,  out 
of  an  annual  average  of  586.4  avalanches  Mougin  classtxl  421.3  as  ground 
avalanches,  31.5  as  powderv',  131.8  as  superficial,  and  1.8  as  glacial.  That 
is  ground  avalanches  constituted  nearly  72  per  cent.  It  will  of  course  need 
se\eral  years’  ohstTvation  before  percentages  can  be  given  according  to 
the  author’s  classification.  The  prexlominance  of  avalanches  of  heavy  wet 
snow  may  be  explained  by  the  fact  that  they  are  often  provoked  by  the 
ocTurrence  of  other  tyix‘s. 

Kffects  of  Avalanches:  Are  They  Beneficial? 

All  told,  the  avalanche  is  a  subordinate  ty{H'  of  phenomenon,  and  interest 
in  it  must  be  considererl  purely  theoretical  unless  it  has  a  powerful  reaction 
on  the  conditions  of  life  in  the  mountains.  One  may  first  ask  if  it  has  any 
favorable  effects  in  this  regard.  .An  old  theorv’  has  led  many  authors  to 
answer  this  question  in  the  affirmative.  Tschudi,  cited  by  .A.  de  ^uervain, 
states  s|x* **cifically  that  “the  devastation  wrought  is  insignificant  compared 
with  the  Ixmefits  bestowed.’’  .Abbe  (iex,  an  observer  of  the  first  rank,  re¬ 
cently  revivwl  this  theory,  though  he  d(X‘s  not  apjxar  to  have  been  aware  of 
Tschudi’s  text  nor  the  criticisms  of  Coaz  and  de  Quervain.“  He  does  not 
go  as  far  as  Tschudi  (and  more  recently  V.  Hulin)  to  siiy  that  the  chief 
role  of  the  avalanche  lies  in  the  favoring  of  vegetation  by  premature  re¬ 
moval  from  the  mountains  of  their  encumlx*ring  mantle  of  snow;-*  but  in 
his  opinion  the  residual  earth  and  wtkhI  left  by  the  avalanches  afford  com- 
jx-nsation  in  fertilization  of  the  soil  and  provision  of  fuel.  He  also  s|x*cially 
mentions  the  function  of  the  masses  of  snow  as  valuable  reservoirs  of  water 
cajuible  of  regulating,  if  not  of  increa.sing,  the  discharge  of  springs  and 
streams.  He  even  designates  these  masst‘s  of  old  snow  as  “infant  glaciers,’’ 
a  pretty  expres-sion  but  one  likely  to  convey  a  false  idea.  Comparison  to  a 
miniature  glacier  may  lx*  useful  to  desr'rilx*  the  ap|x*arance  of  the  avalanche 
tongue  in  a  ravine,*^  but  it  only  holds  good  from  the  descriptive  point  of 
view.  On  scientific  grounds,  whether  glaciological  or  hydrological,  it  is 
adventitious;  structure,  motion,  effects  are  in  no  wise  similar. 

•  K.  Gtx:  Rfilf  ft  utility  de*  lavanche*.  conclu*i<>n  (pp.  i6q  178)  of  the  article  "Le*  avalanche*  du 
rehnrd  *ubalpin  de  la  Combe  de  Savoie.”  La  Gtofrapktt,  Vol.  39.  1913.  pp.  36^-52  and  163-179.  See 
alM>  Kfeni.-  Le*  avalanche*  en  Savoie  durant  I’hivcr  1922-1923.  Rrr.  de  Gfogr.  Alpine,  Vol.  11.  1923. 
PP-  4<'7-5li- 

**  .Xccording  to  Coaz  the  proportion  of  (now  carried  off  by  avalanche*  i*  at  the  mazimum  a  quarter  of  the 
total  (now  turface.  A.  de  Uuervain  (.S^orl.  1922)  reduce*  the  ffgurr  to  one-tenth.  It  appear*  to  the  writer 
that  this  should  be  still  further  diminished. 

”  Cf.  Allix.  Le*  avalanche*  de  1922-1923  en  Dauphin^.  Her.  de  Ciogr.  Alpine,  1923.  p.  320  and  PI.  iv. 
Fi*.  II.  See  also  Figure  13  of  this  article  which  represent*  the  same  tongue  from  another  viewpoint. 
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Hyi)k<)i.(k;ic  AM)  ('i.iMATir  Role 

It  is,  however,  incontestable  that  avalanches  in  which  the  snow  is  con¬ 
cealed  conserve  a  certain  (|uantity  of  water  where  they  fall.  If  such  '-now 
had  remaiiUHl  in  a  thin  layer  on  the  slopes  it  would  have  melted  with  the 
first  warm  days  of  sprinc:  accumulat<.*d  in  thick  packets  and  well  sheltered 
at  the  bottom  of  a  ravine  it  may  take  all  summer  to  melt,  and  a  residuum 
may  indetnl  last  the  year  round.  .As  a  practical  matter  an  attemj)t  ha> 
l)een  made  to  estimate  the  (luantity  of  water  thus  put  in  reserve.  The 
reforestation  service  with  (irenoble  foresters  under  the  direction  of  V. 
llulin  has  undertaken  studies  of  this  nature  by  setting  up  Ixmch  marks.  In 
the  ravine  of  Vaudaine  (Oisiins)  systematic  obst'rvations  have  lx*en  under¬ 
taken,  following  the  methcxl  employwl  for  estimating  the  frontal 
variations  of  glaciers.  It  is  still  t(K)  early,  however,  to  draw  conclusion' 
therefrom. 

But  the  IxMieficent  hydrological  role  d(x*s  not  apjx'ar  to  be  ver\-  con¬ 
siderable  at  first  glance.  Really  to  evaluate  it,  it  would  be  necessiiA-  to 
compare  the  disr'harge  of  streams  from  a  given  basin  in  years  when  there 
were  many  avalanches  with  the  discharge  in  years  when  avalanches  were 
few,  and  this  has  not  yet  lx‘en  done.  Offhand  it  would  sc-em  that  the  snows 
of  a\alanches  woidd  swell  the  streams  only  in  the  summer  season  when 
they  are  already  well  fwl  by  glacial  melting  and  that  the  avalanche’s  role 
of  regularization  is  thus  very  limited:  it  is  in  winter  that  the  alpine  streams 
lack  water.  Only  a  small  part  of  the  melted  water  of  spring  coidd  be  kepi 
till  summer,  and  that  is  not  very  certain.  It  has  been  shown  that  a  great 
part  of  the  summer  flcKxl  even  in  the  high  mountain  comes  less  from  the 
melting  of  glaciers  or  masses  of  snow  than  by  restitution  of  the  spring  waters 
absorlxHl  by  the  soil.^  Now  these  spring  waters  are  almost  entirely  derived 
from  the  melting  T)f  the  snow  cover.  1’rest‘rved  in  the  soil  or  in  avalanche 
cones,  I  Ixdieve  that  the  water  coming  from  the  snow  arrives  at  practically 
the  same  moment  in  the  streams  and  thus  that  the  regulating  role  of  the 
avalanche  is  reduced  to  insignificance. 

(ireat  avalanches  have  another  hydrological  effect,  considerably  less 
im|X)rtant  in  its  consetpiences  Ix-cause  of  its  brevity  but  very  striking  at 
the  time  of  (X'currence:  this  is  the  temiK)rary  damming  up  of  stream  Uils 
(Fig.  22).  In  March,  192^^,  the  \’en{*on  in  Oisiins  abruptly  ceased  to  How 
for  more  than  an  hour,  and  this  was  the  only  indication  one  had  down¬ 
stream  of  the  (K'currence  of  a  great  avalanche  in  the  up|X‘r  valley.  It 
is  rare,  however,  that  a  stream  is  interrupterl  for  long  in  this  way. 

Imix)rtant  climatic  effects  have  also  lx‘en  attributetl  to  avalanches, 
notably  a  lowering  of  temix*rature  in  years  when  avalanches  are  numerous. 
.\.  de  Quervain,  a  master  of  the  subject,  has  done  justice  to  this  hypothesis. 
.\  winter  of  heavy  snows  may  have  an  influence  on  the  temjx'rature  of  the 
following  summer,  as  on  the  alimentation  of  glaciers;  but  the  effect  of  ava- 

**  Andr^  Allix:  La  cris^  de  la  houille  blanche  dans  les  Alpes  francaises.  La  Ofographie,  Vol.  PP- 
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l.iiti  1h*s  in  this  respect  amounts  to  nothinjj.  The  lowering  of  temjHTature 
jv  -irictlv  l(K'al:  it  is  only  over  a  radius  of  some  dozens  of  meters'^  that  a 
MiiMhlv  retardation  in  the  develo|)ment  of  vegetation  can  1h“  recognizi“d. 


Fig.  19 


Fig.  20 

Figs.  19  and  ao — GouRinR  action  of  a  Rround  avalanche  in  earth  and  snow  respectively. 
.Avalanche  of  La  Rivoire.  March  3.  1913.  (PhotoRraphs  by  .\.  .\llix.) 


MoRPUoi.fHiH  At,  Kffixts;  Erosion  nv  Avai.ancuks 

On  the  contrary,  direct  observation  shows  that  avalanches  are  capable  of 
exerting  a  jiowerful  morphological  action.  Tp  to  now  this  action  has  in¬ 
variably  Ihnmi  underestimated.  In  an  article  otherwise*  fundamental  M. 
de  Martonne  makes  only  brief  allusion  thereto.'”  .\bbe  (Vex  places  the 
morphological  action  of  avalanches  at  much  less  than  that  ol  running  water 
in  the  same  channels.  This  opinion  I  do  not  share. 

*G«.  Les  avalanches  du  rebord  subalpin  de  la  Combe  de  Savoie.  La  liingraphtt.  19^3.  P-  >7^. 

*  Emmanuel  de  Martonne:  Le  rAle  morphologique  de  la  neige  en  montagne,  Complrs  rrmius  Jh  (  onuris 
dr  IWlptHisme  (.ifonaro,  iQio),  2  vol.s.  in  i.  Paris.  1921;  reference  in  Vol.  1.  pp.  335  344:  “"‘1  (ifonraphie . 
t’ol.  34.  1920.  pp.  255-267.  It  may  be  remarked,  however,  that  this  work,  which  deals  with  entirely  original 
matters,  expressly  omits  avalanches  as  a  subject  already  well  studied. 
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The  sides  of  the  hijjh  mountains  are  generally  ravined  by  gullies  known 
to  alpinists,  by  whom  they  are  carefully  avoided,  as  avalanche  >,iilli(N 
(couloirs  d' avalanches).  Possibly  subaerial  action,  es|x*cially  alternate 
freezing  and  thawing,  accomplishes  more  work  here  than  the  occadonal 
friction  of  falling  masses  of  snow:  usually  gullies  particularly  dangerous 
lK‘cause  of  avalanches  are  likewise  dangerous  Ixvause  of  falling  stones 
Again,  below  a  certain  altitude  the  action  of  meteoric  water  is  clearly 
re-cognizi-d  in  the  ravines.  Yet  there  apixar  to  lx*  cases  where  sliding  of 
the  snow  acts  alone  as  an  erosive  force,  or  at  least  has  the  preiHmderant 


K Ki.  2 1  — An  avalanche  loaded  with  trees  after  traversins  a  forest.  Combe-Longe,  Allemont. 
Oisans,  March  3.  igrj.  See  Figure  ^a,  No.  3.  (Photograph  by  V.  Mutin.) 


role.  Reference  may  lx*  made  to  a  number  of  classic  illustrations,  view> 
taken  near  the  crests  of  high  snowy  mountains;  the  Canadian  Rockies, 
the  Himalaya,’*  and  the  New  Zealand  .\lps. 

If  a  rtK'k  can  be  found  that  is  practically  unaffected  by  the  work  of 
running  water  in  a  jxfsition  where  avalanches  are  a  characteristic  phenom¬ 
enon,  one  has  a  test  case  of  their  erosive  power.  Now  such  a  rtxk  (1<h“> 
exist.  Long  ago  1  calk'd  attention  to  a  wall  of  fissuri'd  limestone,  in  Vercor> 
(French  Prealps)  between  the  C'ol  de  IWrc  and  the  ('ol  Vert,  which  is 
furrowt'd  each  spring  by  multiple  avalanches.  It  exhibits  a  relief  etched  in 
parallel  channels  similar  to  the  classic  form  that  Sven  Ht'din  has  descnlx*! 
in  the  countries  of  eolian  erosion  under  the  name  yardangs.  1  do  not 
Ix'lieve  that  it  is  jMissible  to  interpret  these  forms  other  than  as  the  work  of 
avalanches.” 

Furthermore,  the  jxtwerful  erosive  action  of  a  snow  flow  is  manifested 
by  its  gouging  action  on  the  walls  of  the  gully  in  which  it  flows  (Fig.  H)' 

••  See  in  particular  several  photographs  of  the  British  Ex|iedition  to  Mt.  Everest;  notably  that  of  Makalu 
facing  p.  226  of  "Mount  FA-erest:  The  Reconnaissance,  1921,"  l.ondon,  igaa.  See  also  Andri  .-Mlix:  I.0  en- 
seignements  du  Mont  Everest.  Rfr.  dt  (jfogr.  Alpint,  Vol.  12.  1924,  pp.  99-128. 

•>  .AmlrF  .\Ilix:  La  morphologie  glaciaire  en  Vercors.  Rrcufil  dft  Trar.  dt  I' Inst,  dt  (jfogr.  .Mpint,  Vol.  2. 
1914.  pp.  1-185.  These  forms  are  much  too  extensive  to  be  mistaken  for  enlarged  lapi^s. 
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1>  \i(iii>;in  has  already  demonstrattHl  this  clearly.”  This  action,  however. 
i>  t  to  l>e  confustHl  with  the  jjnxnes  cut  across  the  cone  by  a  compound 
flow  .  Kij>ure  20  shows  the  two  phenomena  side  by  side. 

I  .  ('.ex  has  made  the  just  observation  that  the  avalanches  of  a  ravine 
contribute  to  facilitate  subse'cjuent  transportation  by  water;  but  they  them- 
mKis  also  exercise  a  consulerable  pluckinji;  action  (Fig.  2S).  fhe  work  of 
the  avalanche  is  over  in  a  moment;  but  during  this  moment  I  estimate  that 
it  tan  pluck  more  earth  that)  the  stream  in  the  ravine  during  an  entire  year. 
I’.  Mougin  has  measured  the  amoutit  of  material  droppcnl  by  avalanches  in 


Fig.  12 — .\valanclie  of  BoulanKcard  d'Oz.  Oigans,  in  the  bfd  of  the  Eau  d'Olle,  March  3, 
1913.  (Photograph  by  V.  Hulin.) 


the  inhabited  valleys  of  Savoy  since  the  winter  of  it)07-i<)oS.  In  lour 
years,  that  is  up  to  1912,  the  total  volutne  of  earthy  material  thus  carried 
amounted  to  43.430  cubic  meters,  in  the  single  year  i<)(h)-I()IO  measuring 
23,079  ('ul)ic  meters,  ('.round  avalanches  transported  about  79  per  cent 
of  the  total,  and  glacial  avalanches  (which  are  not  included  in  the  present 
study)  about  18  per  c'ent.  The  avalanche  of  Blaitiere  (Chamonix)  on  .\pril 
3,  1914,  alone  carricxl  more  than  2(XKt  cubic  meters  of  earth,  roc'ks,  ami 
iMHilders. 

Yet  this  action  must  not  be  exaggerated.  Taking  an  opposite  stand 
from  that  of  Abbe  ('.ex.  Professor  \V.  H.  Hobbs  suggests  in  a  letter  dated 
januarv'  24,  1924,  that  “the  avalanches  from  hanging  valleys  into  the 
main  C  valley  would  seem  to  be  earlier  stages  to  the  slide  down  of  the 
r  walls  in  successive  slices,  as  for  example  in  the  Flimser  Bergstiirz.’  ” 
1  iK'lieve  that  there  is  here  a  confusion  between  the  avalanche  of  snow  ami 
the  landslide.  The  erosive  action  of  the  former  is  more  iiKnlest  but  is 
undeniable:  the  apix'arance  of  an  avalanche-furrowed  slope  in  summer  is 
convincing  enough. 

*•  Mougin,  Leg  avalanches  en  Savoie.  See  also  Allix,  Les  avalanches  de  192^-19^3  en  L>.iuphin^.  (.^oue. 

Vol.  II,  I9»3.  PP- 513-517- 

W.  H.  Hobbs:  Characteristics  of  Existing  Glaciers,  New  York,  1911.  p.  93- 
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The  avalanche  exercises  its  erosive  action  from  hack  to  front,  comp.irahle 
to  that  of  a  car|K*nter’s  plane.  This  is,  I  l)elieve,  the  only  case  in  n.itun- 
of  this  form  of  erosion.  One  sometimes  s|x*aks  of  “gouging”  action  to 
descrilK'  the  stnilpturins  work  of  a  jjlacier  on  the  surface  over  which  it 
travels.  Such  a  comparison  is  out  of  date  and  quite  inapplicable  to  a 
glacier  whose  kinetic  energy  is  vcr>-  feehle;“  hut  it  is  ix'rfectly  appropri¬ 
ate  to  the  avalanche,  which  jx)ssess«.‘s  enormous  energy. 

Dhstria  TivE  Power  of  Av.\la\ches 

It  is  curious  that  in  all  discussion  regarding  glacial  erosion  no  physiog¬ 
rapher  has  advanced  this  simple-enough  idea  of  kinetic  energy.  It  is 
expres-stnl,  as  one  knows,  hy  the  t*quation  /  =  'y,  in  which  ni  represt'nts 
the  mass  in  movement  and  v  the  vehx'ity.  The  advantage  of  the  avalanche, 
the  s|x*ed  of  which  is  enormous,  over  the  glacier,  of  much  greater  mass  hut 
insignificant  veUx*ity,  is  obvious. 

Attempts  have  often  lxx*n  made  to  measure  the  volume  of  avalanches. 
Coaz,  Heim,  and  Mougin  give  values  for  the  larger  avalanches  ranging 
from  i50,o<.x)  to  i,ckk),ooo  cubic  meters.  I*.  Denza,  cited  below,  gives  as 
much  as  3,ckx),(kh) cubic  meters  for  the  avalanche-that  descended  at  \’enaus. 

I  taly,  in  the  spring  of  1S85.  The  Service  of  Bridges  and  Roads  of  Cirenohle 
gives  the  nKnlest  estimate  of  200.000  cubic  meters  for  the  volume  of  the 
great  avalanche  of  Rolx'rts  de  Livet  in  March,  1923  (Fig.  25).  We  shall 
adopt  this  figure  as  representing  an  acceptable  average  for  the  greater 
avalanches.  If  such  a  mass  should  consist  of  powdery  snow  it  would  have 
a  weight  of  I4,(xx>  tons;  old  snow  would  have  a  weight  up  to  i6<.),o<k)  tons. 

Now,  as  we  have  instancwl  above,  these  masses  are  displaced  with  high 
vehx'ity.  Actual  measurements  are  rare;  the  figures  already  mentioned  are 
basi'd  on  obscTvations  by  Coaz  (1910)  and  by  1*.  Mougin.  I  have  myself 
made  two  such  measurements.  On  May  7,  1922,  on  the  Meije  I  observed 
an  avalanche  of  light  wet  snow  that  traveled  3.25  kilometers  in  74  seconds, 
that  is  at  a  rate  of  about  ifK)  kilometers  an  hour.  On  JanuaiA’  27,  1921. 
the  avalanche  of  Mollard  (Fig.  7a)  in  heavy  wet  snow  traveknl  4.8  kilome¬ 
ters  of  its  course  in  a  little  less  than  b  minutes,  that  is  at  a  vehxity  of  4H 
kilometers  an  hour.  Slofx*  evidently  is  a  ver>’  important  factor  in  accelera¬ 
tion  or  retanlation  of  the  rate;  in  the  first  case  the  average  slope  was  45°: 
in  the  second  .40°.  An  average  course  for  a  large  avalanche  measured  along 
the  slojx'  may  lx*  siiid  to  range  Ix'twet'ii  2500  and  4(kx)  meters.  That  of 
Mollard  was  exceptionally  long.  I'he  corresptinding  change  in  level  may 
range  from  I5(X)  to  meters. 

If  it  lx  assunuxl  that  a  large  ground  avalanche  tlescends  through  20(k) 
meters  with  a  s|xxd  of  10  meters  a  second  and  mass  approximating  that  of 
Roix'rts,  its  energy  can  lx*  estimatetl  at  about  20,cxx),cxx)  horse  power.  If 

•*  The  Rreat  morphological  action  of  a  g'acier  is  due  to  other  causes  on  which  I  have  submitted  othri 
hypotheses  (Observations  sur  la  sculpture  du  relief  i>ar  les  glaces,  Comptrs  Rtndus  de  I' Acad,  dts  Sii.  [i< 
l'aris\.  Vol.  174.  igri.  pp.  *33-1.15  and  689-691). 
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iht  tinure  of  3,o(X),ckk)  given  for  the  avalanche  of  Venaus  is  correct,  the 
(■orresi>onding  energy  would  be  3(K).(KK),(KK)  horse  power.  For  comparable 
fllrcts  in  other  phenomena  one  has  to  turn  to  volcanic  eruptions,  great 
l.indslides.  the  breaking  up  of  jiack  ice  or  icebergs,  tidal  waves,  the  breaking 
(if  hyilraulic  dams.  The  recent  catastrophe  at  the  Lake  of  (ileno  in  Italy 
|)(i»essed  not  more  than  four  or  five  times  the  energy  of  the  avalanche 
of  KolHTts  and  was  apparently  inferior  in  this  respect  to  that  of  Venaus. 


Fig.  23 


Fig.  24 


Figs.  23  and  24 — Two  views  of  an  avalanche  in  a  wikhI,  Val  Cliioza.  Switzerland.  (Photoftraiihs  from  the 
Swiss  Alpine  Club.) 


Hence  the  avalanche  must  be  classtxl  as  one  of  the  great  destructixe 
forces  of  nature.  It  is  as  capricious  as  a  stroke  of  lightning.  On  the  (H'ca- 
sions  when  the  “wind  of  the  avalanche”  is  addl'd  its  effects  are  entirely 
iinpri'tlictable.  The  How  of  snow  itself  plays  strange  pranks  on  man.  That 
disfisters  are  not  more  frequent  is  becaust*  avalanches  generally  follow 
fixt'tl  tracks  which  one  has  learni'il  to  avoid. 


Thk  Av.vlanchk  Wind 

Sometimes  the  avalanche  expends  its  force  on  the  ground  and  remains 
inoffensive,  while  the  column  of  air  displaced  by  the  fall  ravages  a  consider¬ 
able  area.  Nothing  gives  a  more  vivid  idea  of  the  speed  and  mass  ol  an 
avalanche  than  these  sudden  hurricanes.  Naturally  it  is  the  powdery  a\a- 
lanches  which  give  rise  to  the  most  violent  blasts  of  air  because  of  their 
exceptionally  high  speed;  in  fact,  this  is  generally  the  form  in  which  this 
ty|)e  of  avalanche  accomplishes  its  work  of  destruction.  One  can  take 
shelter  from  the  flows  of  snow;  it  is  more  difficult  to  escajK*  the  blasts  of  air 
so  cai)ricious  and  unpredictable  are  they.  A  number  of  photographs  show¬ 
ing  the  effects  of  the  avalanche  wind  have  been  published,  the  Ix'st  of  them 
by  J.  Br(x:herel.  One  may  see,  for  instance,  the  snow  plasteri*d  with  such 
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violence  against  a  vertical  wall  as  to  cover  it  with  a  thick  crust;  or  l..iest 
trees  lopjuHl  down  by  a  sinjjle  blow  at  a  distance  of  5(K)  meters  from  the 
avalanche  itself,  reminding  one  of  the  forests  destroytKl  by  artillerv-  during 
the  war.  We  have  the  grxxl  fortune  to  include  here  a  splendid  photograph 
heretofore  unpublished,  taken  by  M.  I’ierre  Lor\-,  Figure  li.*‘  This  dev¬ 
astation  was  accomplished  by  the  avalanche  of  La  Dauchere,  to  which 
reference  has  already  been  made.  It  was  the  second,  or  powderv',  avalanche 
that  furnished  the  blast  of  air.  As  Figure  to  and  the  map  Figure  ~d  show, 
the  flow  of  snow  turnt'd  at  right  angles  down  valley.  But  the  blast  of  air 


Fic;.  *5 — A  Kround  avatanchf  at  Robcrtn.  Livrt.  Oiaans,  which  crossed  a  higliwray.  PliotORraph  taken 

Marcli  i6.  iqij.  fifteen  days  after  the  descent.  Pedestrians  are  seen  on  the  temporary  road  constructed  over 
the  avalanche  (for  a  closer  view  se«-  Figure  7y).  See  Figure  76.  (Photograph  by  A.  AHix.) 


continued  on  in  a  straight  line  almost  completely  mowing  down  the  larch 
forest  covering  the  ridge  seen  in  Figure  il.  The  hamlet  of  La  Dauchere 
lies  between  the  current  of  snow  and  that  of  air  as  between  the  forks  of  a 
V  and  thus  escajHxl  destruction. 

The  force  of  the  wind  in  a  ground  avalanche  is  less  ixiwerful.  P.  Mougin 
got's  as  far  as  to  deny  its  existence.  Yet  on  March  3,  1923,  the  avalanche 
of  Roberts  (Fig.  25)  turned  head  over  heels  a  workman  who  was  passing  at 
a  distance  of  more  than  50  meters.  This  man  had  lx?en  knfx^ked  down  dur¬ 
ing  the  war  by  the  blast  from  a  shell,  but  he  gave  the  palm  for  violence  to 
the  avalanche! 

Some  re|X)rts  state  that  the  avalanche  wind  has  been  felt  at  a  distaiu'e 
of  many  kilometers  along  the  valley  in  whii'h  the  avalanche  falls.  This  1 
do  not  venture  to  corrolxfrate;  it  rests  on  testimony  that  is  always  subjtrt 


**  t  am  mtiecially  indebted  to  my  distinguished  friend.  Pierre  lx>ry,  whose  advice  has  been  invaluable  to 
me  during  the  fifteen  years  that  I  have  studied  the  mountain.  Worthy  heir  of  a  great  name,  this  celebrated 
Grenoble  geohrgist  has  the  modesty  to  leave  to  others  publication  of  the  results  of  his  own  work,  as  in  the 
present  instance.  All  the  data  regarding  the  avalanche  of  La  Dauchire  are  due  to  him;  on  it  he  has  published 
only  a  short  note,  the  summary  of  a  lecture  given  before  the  Socift#  de  Statistique  de  I'ls^re.  June  13.  i-am 
(.Bull.  .Soc.  df  Stalisliquf  du  Pfpartfmful  dr  I'lstrr,  Series  4.  Vol.  8,  1904.  PP.  583-584)-  On  the  avalanche  of 
La  Dauchere  see  also  the  Chronique  alpine  of  F.  Durtein  (Henry  Duhamel)  in  Lt  Dauphinf.  .\pril  17.  i<)04. 
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to  exaggeration.  One  thing,  however,  is  indisputable:  that  damage  to 
forests  has  been  accomplished  at  distances  of  aUnit  one  kilometer.  More¬ 
over,  the  avalanche  is  itself  a  great  enemy  of  the  wchxIs. 

The  .Avalaxchk  and  the  Forest 

The  ravines  traverstnl  each  year  by  avalanches  are  naturally  denuded. 
In  summer  their  reddish  tracks  stand  out  against  the  dark  green  of  the 
forest.  The  jx'riiKlic  return  of  the  avalanche  is  an  obstacle  to  the  growth 


Hic.  26 — A  tunnel  to  cross  an  avalanclie  in  the  Peneon  ravine  on  the  road  to  La  Berarde.  St.  Christopher- 
•■n-Oisant  (1600  m.).  V'iew  in  the  spring  of  1023:  at  the  same  date  in  1922  this  avalanche  covered  all  but  a 
lulf  meter  of  the  telegraph  post  in  the  foreground.  (Photograph  by  V.  Ilulin.) 


of  trees.  .\n  exceptional  avalanche  or  a  peritKlic  avalanche  turnwl  out  of 
its  customaiA’  channel  will,  on  the  other  hand,  destroy  existing  trees.  It 
literally  plows  up  the  forest  it  traverst's,  beating  down  the  trees  and  grind¬ 
ing  them  into  pulp.  On  March  1923.  an  avalanche  that  had  not  descendetl 
since  1S62  ravaged  a  forest  of  sixty-year-old  trees  in  the  ravine  of  C'omlie 
I.onge  on  .Allemont  en  Oisans  (Fig.  21).  The  same  day  in  the  upper  Hrixla 
X’alley  on  the  western  s1o|h*  of  Belledonne  an  avalanche  that  had  not  come 
down  since  1H31  plowed  up  trees  <)o  years  old  (Fig.  28). 

It  may,  however,  hapjxm  that  an  avalanche  crosses  a  w(hx1  without 
causing  any  great  damage  (Fig.  9).  Such  is  the  case  where  the  snow  is 
light  and  wet,  flowing  in  semilifiuid  fashion,  and  where  the  actions  of  com¬ 
pression  and  refreezing  are  slight.  The  snow  then  slips  more  or  less  easily 
lietween  the  trees.  It  may  tilt  over  the  trees  or  they  may  Ik*  broken  otY 
at  the  base  or  they  may  even  Ik*  completely  resjx-'cted  when  the  flow  of 
snow  is  limited. 


The  .\v.\lanche  and  Man 

The  movements  of  man  in  the  mountains  are  liable  to  Ik*  curtailed  by 
avalanches  at  two  points — in  the  zones  of  departure  and  arrival  res|H*c lively. 
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It  is  at  the  starting  |K)int  that  most  of  the  accidents  to  alpinists  take 
place,”  and  these  have  ln'en  multiplit'd  since  the  use  of  skis  has  permitted 
access  to  the  high  mountain  in  winter.  In  the  /one  of  arrest  the  chief  damage 
lies  in  the  obstruction  of  routes  of  communication.  Innumerable  exam|)les 
ha\e  iH'en  descrilnxl  in  the  literature,  and  it  is  unnecessaiA’  to  cite  new 
cases;  we  shall  just  mention  the  recent  exam|)le  of  the  avalanche  of  Rolxrts 
of  March  3,  1923,  which  cut  off  the  entire  region  of  Oisjins  for  ii  days 
(Figs.  25,  27). 

Because  of  their  relative  slowness  it  is  rare  for  ground  avalanches  to 
claim  victims  on  the  road;  such  avalanches  can  almost  always  Ik*  heard  and 
avoi(U*<l.  However,  instances  are  known.  In  February,  1924,  a  ground 
avalanche  caught  a  train  full  of  passc*ngers  in  the  station  of  Hietlau  in 
Styria  Ix-fore  coming  to  rest  in  the  Ixtl  of  the  Kims.  Because  of  its  sudden¬ 
ness  the  powdery  avalanche  not  infrequently  claims  victims  along  the  road. 

'I'he  clearing  of  a  road  encumlxTed  by  an  avalanche  always  takes  a  long 
time  because  of  the  hardness  of  the  snow  and  the  compression  and  con- 
gealment  that  it  undergoes.  («enerally  a  temjiorar\-  road  is  establishcnl  over 
the  cone  using  either  a  trench  (Fig.  27)  or  a  tunnel  (Fig.  26). 

Since  the  development  of  hydro-electric  jxiwer  in  the  .-Mps  a  new  sort 
of  damage  is  to  lx*  apprehendcxl  from  avalanches.  Fallen  mas.ses  of  snow 
obstruct  the  intake  channels  as  well  as  natural  watercourses  and  for  a  longer 
time  because  of  the  geometrical  section  of  the  channels  and  their  lessc-r 
gradient.  Stoppage  of  water  alone  would  not  lx‘  so  serious  as  the  damage 
done  to  the  installations,  which  may  put  the  plants  out  of  commission  for 
several  days  (Fig.  28).  A  still  more  frequent  accident  is  the  breaking 
of  the  transmission  wires:  during  the  winter  of  1922  1923  Ixith  in  Savoy 
and  Dauphiny  a  great  numlx'r  of  pnxlucing  plants  were  subjected  to  in¬ 
terruptions  of  from  one  to  four  days.  All  Lower  Dauphiny  had  its  eUv- 
tricity  cut  off  by  the  avalanche  of  Roberts.  These  accidents  coincide  with 
the  sc*ason  when  the  h\dro-electric  industr>-  is  already  ham|x*red  by  scarcity 
of  water. 

Falling  in  winter  or  at  the  lx*ginning  of  spring  the  avalanche  naturally 
has  no  effect  on  agriculture  except  indircx'tly  by  the  covering  of  ground  with 
snow  and  by  the  purely  kx'al  lowering  of  temjx'rature  already  discussed. 
But  in  exceptional  cases  the  fall  of  snow  causes  direct  disasters  to  the  human 
inhabitants  of  the  mountains.  Mountain  villages  avoid  the  usual  tracks  of 
avalanches.  Accidents  to  settlements  are  only  likely  to  tx'cur  under  thrix* 
conditions.  In  the  first  instance,  a  How  may  lx*  exceptionally  long,  reaching 
a  jKiint  believed  safe  (Figs.  29,  30).  I n  the  scx'ond  case,  a  How  may  lx*  divert e<l 
from  its  normal  channel,  this  having  lxx*n  filler!  with  snow  by  a  prect*ding 
avalanche,  as  hapix*iu*d  many  times  in  1922-1923  in  Dauphiny.  Or  thirdly,  a 
new  avalanche  may  rx'cur  on  a  slojx*  believcxl  safe  (see  Figs.  13,  32,  33L 

•’  On  this  subject  there  exists  a  special  literature.  See  the  works  of  Rutgers  and  Hess  (the  latter  ver> 
complete)  and  the  list  of  accidents  periodically  published  by  the  various  .\lpine  Clubs.  There  is  a  family 
resemblance  between  oral  accounts  of  avalanches  and  fishing  stories,  and  it  is  well  to  take  them  with  a  gral'^ 
of  salt. 


Kig.  28 


Fig.  27 — Temporary  road  arrosa  the  avalanche  of  Roberts  during  the  obstruction  of  the  highroad  and  the 
railroad  30  meters  below.  Comiiare  Fig.  23.  The  lumps  of  snow  composing  the  avalanche  are  very  distinct. 
Another  smaller  avalanche  may  be  seen  in  the  background  on  the  other  side  of  the  valley.  \’iew  four  days 
after  descent  of  avalanche.  (Photograph  by  V.  Hulin.) 

F'ig.  28 — Intake  channel  of  a  hydro-electric  plant  obstructed  by  a  ground  avalanche  loaded  with  earth 
and  trees.  I’pper  valley  of  the  Breda,  Dauphin^,  March.  1923.  (Photograph  by  V’.  Hulin.) 
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riie  hard  snow  carrii*d  by  the 
avalanche  is  not  contented  wnh 
knocking!  over  the  houses,  often  it 
fills  them,  a  circumstance  that 
renders  the  work  of  rescue  the  more 
difficult.  As  in  a  mine  accident, 
the  exact  s|K)t  where  the  victims  are 
entoml)e<l  must  Ik-  known.  This 
is  difficult  bmuise.  while  they  ran 
hear  perfectly  the  voices  of  the 
rescuers,  they  cannot  make  thein- 
si'lves  heard.  C'oaz  and  Hnn'lierel 
have  recountt“d  many  tragic  stories 
relating  thereto. 


Statistu  s  OF  .Avai.ancmks 
.\ttention  has  fH*en  calle<l  to  the 
dangers  of  a\alanches  as  far  back 
as  ret'ords  of  the  mountain  country 
have  iK'cn  In  existence.  Fifteenth 
centurv'  texts,  such  as  the  chart  of 
Henry  \T  of  Fn^land  on  the  Cireat 
St.  Bernard  Pass  in  1422,  have  Inm 
desc'rilK'd.**  As  a  text  of  1475 
shows,  the  cutting  of  the  first  .Alpine 
tunnel,  that  of  the  pass  of  Traver- 
sette  at  the  end  of  the  fifteenth 
centuiA’,  was  undertaken  to  afford 
prott'ction  from  avalanches.  I  have 
recently  found  still  more  ancient 
texts  relative  to  the  avalanches  of 
Dauphiny  (Oisan.s)  at  the  iK'ginninj; 
of  the  fourtet*nth  centur\’.“ 


”  Brocherel,  op.  cit.;  Coaz,  Die  Lawinen. 

"See  some  recent  texts  in  Etienne  Clouiot; 
L’enneigement  dans  le  Queyras  aux  XVII'  rt 
XVIII*  sidles.  La  Cfographie,  Vol.  31,  1916-17, 
pp.  151-260. 


Figs.  29  and  30 — A  house  of  Allemont.  Oisans.  that 
narrowly  escaped  destruction  by  the  avalanche  of 
Combe-Gibert.  March  3.  1923.  Figure  29.  view 
from  above  looking  towards  the  snow-covere<I  plain 
of  the  Eau  d'OIle;  Figure  30,  a  side  view,  shows 
the  avalanche  charged  with  earthy  and  woody 
debris.  (Photographs  by  V’.  Hulin.) 

Fig.  31 — House  at  BreviJres.  Tarentaise.  Savoie, 
overthrown  and  filled  with  snow,  February  12,  18K1. 
(Photograph  by  Allotte  de  la  Fuye  and  Jager.) 
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1  airly  complete  lists  for  the  last  three  centuries  have  been  drawn  up 
l.\  Dr.  C'oaz  for  Switzerland  and  P.  Mouj'in  for  France,  rnfortunately 
Moiinin’s  tables  only  deal  with  Savoy  (l)ej)artments  Savoie  and  Haute 
Savoie  with  Mont  Blanc).  There  is  nothing  for  Dauphiny  and  the  I’yrenws 
-.ive  some  isolateil  articles.  Similarly  for  Italy  and  .Austria  and  other 


Fig. 

Figs.  32  and  33 — .X  house  of  La  Rivoire,  Oisans,  destroyed  by  the  avalanche  of  March  3,  1923.  Compare 
Figures  13.  19,  and  20.  Kigure  32  was  taken  fifteen  days  after  the  descent.  .X  cross  marks  the  site  of  the  house, 
and  the  arrow  points  to  the  tpoi  whence  Figure  33  was  taken,  six  months  later  (Sept.  16). 

mountain  massifs  as  far  as  1  know.“  Here  is  a  gap  in  geographical  docu¬ 
mentation  waiting  to  Ite  filled. 

Statistics  proxe  the  truth  of  popular  obserxation  that  avalanches  tend 
to  follow  the  same  tracks.  Sometimes  they  only  descend  two  or  three 
times  a  centurx"  most  t'ommonly  they  are  annual  but  then  of  rather  limited 
tlimensions;  at  variable  intervals  they  may  take  on  catastrophic  propor- 

•  Bnxrherel.  op.  fit.;  Hess,  op.  ttl.  See  several  notes  by  P.  p,  Deiiza  in  Hit.  Mensilt  Club  .-\lpino  llaltano, 
\'olt.  4  (i««5)  to  7  (18H8),  esiK-cially  valanghe  dell'  inverno  I88X."  Vol.  7.  18HK.  pp.  134-137. 
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Fig.  j4 — Protective  works  against  avalanches.  Wtxxien  fencing  and  reforestation  below  the  tree  line  in 
Valais.  (Photograph  by  J.  Brocherel.) 

tracks;  Mougin  1361  for  Savoy.  Dauphiny  would  show  at  least  as  many. 
These  figures  include  only  the  exceptional  avalanches  that  descend  into 
and  devastate  the  inhabittnl  zone,  and  the  number  would  In*  infinitely 
greater  if  inclusion  were  made  of  the  little  avalanches  so  frequent  on  the 
high  mountains  above  the  tree  line.  On  the  map,  Figure  7,  I  have  attempted 
to  show  the  two  types  of  (X'currence  fora  valley  of  Oisiins  in  the  spring  of  iq4,V 
The  most  terrible  catastrojdies  of  which  histor\’  makes  mention  have 
<K'curn.*d  in  the  Swiss  .Mps.  That  of  Loueche  in  X’alais  in  1719  wiinxl  out 
the  town,  killing  (x)  ixTsons;  that  of  Obergestelen  in  1720  destroyed  120 
house's  and  killiHl  Ho  jx'rsons  and  4(X)  head  of  c'attle;  that  of  Saas  in  (irisons 
in^  i9H9  wiix^l  out  place  and  jx'ople.  In  Italy  the  grt'atest  catastro|)hes 
were  those*  of  1HS5:  in  Fxilles  the  avalanche  of  Deveis  destroye'd  16  house's 
and  burie*d  (>2  ix'rsons.  of  whom  .VS  die'd;  that  of  Frassino  in  the  \’al  X'arsita 


tions.  The  avalanche  Rolx*rts,  for  e*xample  (Figs.  ~h  and  2,s),  is  annual,  it 
generally  e'onies  to  re*st  as  a  tongue  in  its  ravine;  but  thre*e  times  in  .^o  years 
it  has  re*ache*d  the  road  and  the  river  in  the  form  of  a  big  e'one — in  189.^^* 
in  i<)o8,  and  in  i<)2,s. 

('olore*d  maps  showing  the  tracks  of  annual  avalanche's  have  be*en  pre- 
jiared  by  Coaz  for  Switzerland  and  by  Mougin  for  Savoy.  In  the*se  ma|)s 
the  mountains  are  strijx-d  ze*bra-like*.  For  Switzerland  ('oaz  shows  9.V)8 


•>  Pierre  Lory:  L'avalanclie  de  l.ivet.  Trar.  Lab.  Cfol.  L'nir.  Grenoble,  Vol  3,  1893.  p.  483. 


*‘  '‘*'*’  35  an<l  36 — Protective  works  aitainst  avalanches.  The  use  of  stone  fencing  above  the  tree  line.  Figure 
35  at  Chantelouvre,  Dauphind;  Figure  j6  in  Valjonffrey,  Dauphin#.  (Photographs  by  V.  Hulin.) 
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kilU“<l  70  iKTsons.  In  1RS8  great  new  avalanches  accounteil  for  145  victims 
in  the  Italian  Alps. 

I  have  elsewhere  (Iescril)e<l  the  catastrophes  of  1447  and  i45oat()rnon  and 
\’enos('  in  the  French  .Xlps,  the  first  of  which  ra/ed  the  hamlet  of  Poutuire 
and  killed  14  jxTsons,  the  second  killing  5  |H‘rsons  and  75  head  of  cattle.  In 
lt)Hi  at  .-Xhrier  in  yueyras  57  houses  were  demolislH“d  and  1 1  persons  were 
kilUnl.  Mougin’s  statistics  rtvord  avalanches  of  two  successive  winters  at 
La  (liettaz  at  the  f(K)t  of  the  pass  of  .Aravis  in  1843  and  1844;  the  first 
engulfed  8  houses  ami  kittl'd  14  jx'rsons;  the  second  engulfed  8  more  houses 
and  13  {XTsons,  of  whom  6  died.  On  KebruaiA-  12,  1881,  14  houses  were 
destrovixl  at  Hrevieres,  37  jx'rsons  Ix'ing  involviil,  of  whom  9  succumlK-tl. 
Reference  has  already  Ix'en  made  to  the  casualties  of  1923. 

PkOTKlTION  .M'.AINST  .\VAI.ANtHi:S 

Such  figures  go  to  show  that  money  exjx'ndiil  in  works  of  protiTtion 
against  avalanches  is  well  sjx'nt.  Study  of  works  of  this  nature  has  Inm 
pushiHl  far  by  the  Forest  Service  of  Switzerland  since  the  middle  of  the 
eighteenth  centur\-  and  by  that  of  Frantx*  since  the  Ix'ginning  of  the  nine- 
ti'enth.*-  Protective  works  can  lx*  dividt*d  into  two  classes,  which,  follow¬ 
ing  medical  terminology,  I  term  “preventive”  and  “curative.”  The 
latter  consist  in  devices  to  restrict  the  destructive  jxrwer  of  avalanches  and 
includes  the  building  of  strong  masonrA*  walls  in  the  shajx?  of  plowshares. 
In  Switzerland  artificial  channels  in  stonework  have  lx*en  built  to  carr\- 
off  the  torrent  of  snow  as  for  a  too  turbulent  torrent  of  water.  Thismethtnl, 
however,  si*i*ms  to  me  inefficient  lx*cause  of  the  disprojK)rtion  between  the 
cost  of  erection  and  its  exentual  usefulness  where  an  enormous  volume  of 
snow  has  to  lx*  contendi*<l  with. 

Preventive  methiKls  aim  at  prohibiting  formation  of  the  avalanche,  that 
is  at  retaining  the  snow  on  the  high  slope's.  For  this  wixxlen  or  stone  fences, 
according  to  proximity  and  cost  of  material,  have  bt*en  commonly  employed; 
however,  1  would  suggest  substitution  in  the  latter  cases  of  a  more  continuous 
metal  trellis  work  (Fig.  35).  The  Forest  Seri  ice  has  long  advocateil  reforest¬ 
ation  of  the  high  slojx's  wherever  feasible.  It  is  not  a  new  idea.  Some  anionn 
the  oldest  texts  tliat  1  have  found  on  avalanches  in  Dauphiny  (fourtt*t*nth 
century)  relate  to  forest  administration  and  mention  avalanches  as  one 
of  the  reasons  for  afforestation.  Now  avalanches  may  start  from  alxwe 
or  Ix'low  the  tri*t*  line.  .According  to  Mougin’s  figures  alx)Ut  two-thirds 
of  the  ground  avalanches  and  alxxit  half  of  the  other  avalanches  start 
Ix'low  trix*  line.  This  gives  a  theoretical  measure  of  efficiency  to  lx* 
exix*i'ted  from  afforestation  as  a  means  of  suppression  of  avalanclH*s. 
Reforestation  is  most  often  combined  with  a  system  of  fences,  at  least 
at  the  Ix'ginning  for  the  protection  of  the  young  growth  (Fig.  34). 

Details  in  the  works  cited.  Coax  and  Itulin.  More  recent  details  and  biblioBrapliy  in  the  study  oi  F. 
MouKin.  Les  avalanches  en  Savoie.  Photoftraphs  in  the  article  by  Brocherel,  op.  nl.  See  also  .\ndr^  .Mlix: 
Peut-on  pr^voir  rt  empecher  les  avalanches?  Lf  I'ftH  Ifauphinois,  Grenoble,  May  38.  1934. 
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Hi-yoiul  the  starting  iM)int  it  is  of  course  obvious  that  no  forest  will  stop 
.Ml  avalanche. 

PrKDU  TION  of  AvAI.ANI  ItKS 

Contrariwise  to  the  (|uestion  of  protection  little  has  l)c‘en  done  towards 
prediction  of  avalanches.^  In  the  first  instance  it  must  Ik*  ixiinted  out 
that  there  can  Ik*  no  thought  of  forecasting  the  precise  moment  of  releast* 
of  an  avalanche.  The  only  observers  cpialifietl  to  speak  on  this  matter,  al¬ 
pinists  and  ski  runners,  have  all  been  impressed  by  the  suddenness  of  the 
(K'currence.  To  the  observations  of  my  prt*decessors  I  will  add  only  two 
|K*rsonal  exiH*riences;  one  on  skis  in  X’ercors  on  Februar>-  2,  the  other 

in  Oisans  on  April  2c),  U)i<).  The  most  skillful  cannot  escape. We  may 
also  refer  to  Mallory’s  exjK*rience  on  Mt.  Everest,  June  7,  1922,  when  his 
party  was  overwhelnu*d  and  seven  jxirters  kilk*d:^*  “We  were  start k*d  by 
an  ominous  sound,  sharp,  arresting,  violent,  and  yet  somehow  soft  like  an 
exjilosion  of  untampwl  gunpowder.  I  had  never  before  on  a  mountainside 
heard  such  a  sound;  but  all  of  us,  I  imagine,  knew  instinctively  what  it 
meant,  as  though  we  had  been  accustomed  to  hear  it  ever>-  day  of  our 
lives.  In  a  moment  I  obsc*rved  the  surface  of  the  snow  broken  and  puck- 
ert*d  where  it  had  lH*en  e\en  for  a  few  yards  to  the  right  of  me.  .  .  .\nd 
then  I  lK*gan  to  mo\e  slowly  downwards,  inevitably  carriwl  on  the  whole 
moving  surface  by  a  force  I  was  utterly  jx)werless  to  resist.” 

Vet  the  native  mountaineer  is  distinguisht*<l  from  the  city-brt*d  amateur 
by  a  certain  instinct  in  regard  to  the  (X'currence  of  avalanches.  The  great 
majority  of  accidents  of  this  kind  hapiH*n  to  [)arties  unaccompaniwl  by  a 
^uide.  Chamois  hunters  and  professional  guides  are  rarely  caught.  But  it 
is  im|x)ssible  to  give  any  rules  alxmt  the  release  of  avalanches,  and  the 
only  advice  of  experts  is  that  of  Dr.  H<K*k:  “  Prudence,  prudence,  prudence: 
keep  the  rope*  in  the  knapsjick,  and  distances  well  spacwl.”^  Since  the 
observations  of  Dr.  Coa/  many  others  have  described  the  trilling  caust*s 
that  may  start  an  avalanche;  besides  the  passage  of  a  party  of  individuals, 
a  slight  shaking  of  the  ground,  the  sounding  of  a  distant  train,  1k*11s  of  the 
tkKks,  cries  or  shouts  of  passers-by.  wonderful  obst*rver  of  alpine  nature, 
the  late  David  Martin,  himself  a  mountain  {K*asant,  tells  how  the  children 
of  Valgaudemar  amuse  themselves  in  winter  by  provoking  miniature 
avalanches  that  they  may  slide  down  on  them.^’ 

"  Andri  .Allix:  Sur  la  provision  dc*  avalanches,  Comptes  Rrndus  de  I'Acad.  des  AVi.  |Jr  /’orul,  Vol.  17H, 
11)24.  PP  1831-1833. 

“  Among  the  many  descriptions  of  this  kind  of  accident  I  would  mention  those  of  A.  de  Quer\-ain.  op. 
cil.;  J.  I.  Clark:  An  Avalanche  Experience  on  Ben  Aclialladar,  Scottish  MountaiHccring  Club  ^oarii.,  Vol.  10, 
1908-09,  pp.  346-348. 

“  C.  G.  Bruce  and  Others:  The  .Assault  on  Mount  Everest,  1922.  London,  1923,  p.  282.  S*.e  also  Andr# 
■Allix:  Les  enseignments  du  Mont  Everest,  Ref.  de  (jiogr.  .Alpine,  Vol.  12,  1924.  pp  99  128;  references  on 
pp.  122  and  127. 

“  I'se  of  the  rope,  invaluable  on  the  glacier,  is  here  extremely  dangerous.  Mrs.  Clark  (op.  cit.)  has  describeil 
this  in  a  fatal  experience.  The  necessity  of  keeping  far  apart  explains  itself;  one  might  further  add  the  advice 
of  following  in  sei>arate  tracks  instead  of  Indian  file,  in  order  to  avoid  cutting  the  snow:  as  we  have  seen,  it 
is  the  notch  of  the  track  which  is  the  chief  cause  of  the  sliding  of  the  snow  board. 

”  Le  Courrier  des  Alpes,  Grenoble.  March  17,  1904:  informatum  sup(>lied  by  P.  Lory. 
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Sfveral  avalanches  may  start  almost  simultaneously  from  the  siime  |>oini. 
Charles  KalM)t  mentions  an  example  that  hap|x-ne<l  on  February  4,  iHij;, 
on  the  Little  St.  Bernard,  when  the  provisionin}>:  convoy  of  a  militar\-  po>t 
was  struck  in  succession  by  two  death-dealinji  avalanches.  Maurice  Pailloii, 
at  the  same  |HTi<Kl,  siiw  avalanches  succewl  each  other  without  interruption 
for  ^(y  hours  in  the  valley  of  Venwn  in  Oisiins  with  a  roar  comparable  to 
that  of  a  train  in  a  tunnel. 

There  are,  however,  critical  |H‘ri(xls  during  which  avalanches  are  particu¬ 
larly  to  1k‘  fearinl.  At  such  time  the  snow  is  in  a  |X)sition  that  1  have  called 
sulK“(juilibrium  analoj;ous  to  what  physicists  know  as  the 

state  of  subli(juefaction  1k*1ow  the  |X)int  of  solidification.  One  knows  that 
in  this  case  solidification  of  the  liejuid  may  lx*  effectwl  by  the  intnKluction 
of  some  exciting  factor,  small  though  it  be  in  itself.  In  the  state  of  suh- 
i‘(|uilibrium  the  snow  is  not  merely  in  unstable  equilibrium,  but  in  an  e(]ui- 
librium  already  broken  theoretically.  In  this  state  a  slight  exciting  factor 
will  make  it  Ix'gin  to  slide.  Thus  a  most  insignificant  cause  may  give  rise  to 
a  result  as  formidable  as  the  avalanche. 

Now  in  the  matter  of  prt*diction  of  avalanches  the  most  one  can  hojx*  to 
obtain  is  the  determination  of  this  state  of  sulx*qinlibrium  indicating  the 
liability  to  accidents  at  critical  jxriods.  The  immwliate  causes  of  release 
will  always  escajx*  prevision;  one  can  only  avoid  thost*  provoked  by  human 
agency  at  critical  |x*ri(xls. 

There  are  two  ways  of  determining  the  critical  |X‘ri(Kls.  The  first,  purely 
theoretical,  is  foundwl  on  the  state  of  the  snow  and  the  application  of  certain 
mathematical  formulae.  Its  application,  however,  is  impracticable  for 
lack  of  sufficient  comjx'tent  observers  pt'rmanently  locatetl  in  the  high 
mountain  regions.  The  set'ond  metluxl,  which  I  advrx'ate,  is  purely  em- 
|)irical.  It  consists  in  determining  for  a  sufficient  numlx'r  of  years  the 
meteorological  characteristics  of  the  jx'rizxls  that  prectxle  the  starting  ol 
avalanches  by  means  of  daily  obser\ations  taken  at  average  altitudes  in 
all  the  mountain  regions.  In  8  or  10  years  one  would  be  in  jxzsst'ssion  of 
“probability”  tables  likely  to  lx*  of  great  st*rvice. 

Figure  37  furnishes  examples  of  observations  of  this  nature  ap|)lied  to 
the  French  .Alps,  (iraph  a  shows,  contrary  to  a  widely  held  opinion,  that 
it  is  not  the  (luantity  of  snow  alone  which  provokes  avalanches.  At  Bourg 
d’Oisans  in  i()22-iq23,  the  place  and  |x*ri(xl  to  which  they  refer,  there  fell 
hardly’  more  than  the  average  of  snow.  But  this  snow  was  distributed  in 
a  s|x*cial  fashion.  In  I)t*cemlx*r  the  quantity  was  exceptional  and  alone 
would  explain  the  (X’currence  of  avalanches;  in  February,  when  it  was  less 
than  the  average,  other  causes  must  have  lx?en  in  o|x*ration. 

(•raph  b  is  simply  the  juxta{X)sition  on  the  same  diagram  of  data  fur- 
nishe<l  by  Mougin  for  regions  of  Savoy  lx*tween  500  and  kxxj  meters  in 
altitude.  It  is  surprising  that  he  did  not  himself  think  of  bringing  together 
the  sets  of  obser\’ations  and  drawing  conclusions  therefrom.  The  maximum 


“  Rrr.  dt  Ofotr.  Alpint.  Vol.  1 1,  19J3.  P-  Soj. 
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FiC,  37 — Graphs  illustrating  researches  on  the  prevision  of  avalanches  {Comptes  Kendus  dr  I'Aiad.  det 
■Sii..  1924).  Graph  0  shows  the  snowfall  of  the  winter  1922-1923  compared  with  the  average  of  eight  years  and 
relation  with  avalanches. 

Graph  b  shows  relations  between  the  mean  snowfall,  mean  monthly  temperatures,  and  frequency  of  ava¬ 
lanches  in  Savoy. 

Graph  c  shows  meteorological  conditions  on  the  eve  of  the  great  avalanches  of  Decemlx-r  31.  1922.  and 
March  3.  1923.  in  Oisans.  (Data  from  Bourg  d'Oisirns.) 
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nunilKT  of  avalanches  in  March  does  not  coincide  with  the  maximum  f.ill 
of  snow  in  DecemlKT:  they  become  most  fre(|uent  when  the  mean  monthly 
temjHTature  rises.  To  clinch  the  arjjument  I  have  drawn  (.iraph  c,  whic  h 
visualizes  the  meteorolojiical  data  for  the  critical  ixtIckIs  of  1922-1923  in 
Oisans.^'*  It  apjx'ars  that  in  the  two  cases  the  great  avalanches  start 
after  a  markwl  rise  in  temperature  accompanit*d  by  fall  of  soft  snow  and 
a  southwest  wind.  The  cases  studii'd  are  those  of  warm  avalanches; 
work  on  cold  axalanches  remains  to  Ik*  iKgun.  It  will  confirm  the  empirical 
observation  that  reduction  in  temperature  here  plays  a  part.  It  is  jKob- 
ably  this  obsc'rvation  that  Dufour  echcKs  in  a  vague  memorandum  of  1S7S, 
the  only  work  which,  to  my  knowledge,  has  iKen  specially  devote“d  to  the 
subjec't  of  pretliction  of  avalanches." 

1  do  not  claim  to  be  the  first  to  have  studied  the  actual  meteorological 
conditions  of  critical  |Kritxis.  Von  Picker  has  disc'ussed  the  role  of  the 
fbhn.  Riitgers,  notably,  has  given  meteorological  tables  for  certain  Swiss 
avalanches,  and  he  counsels  ski  runners  always  to  furnish  themselves  with  a 
thermometer.  Maurice  I’aillon  has  given  many  observations  in  the  peri- 
(Mlicals  of  the  French  .Alpine  C'lub.  Hut  I  emphasize  the  value  of  de¬ 
veloping  the  methcKl  systematically  upon  strictly  defined  bases  (pressure, 
winds,  temperature,  precipitation)  to  obtain  in  time  true  forecasting  tables. 
Only  probabilities  for  the  detachment  of  avalanches  at  critical  ikhchIs  can 
Ik  forestKii;  the  actual  release  rests  on  fortuitous  causes.  These  phe¬ 
nomena,  like  meteortdogical  storms,  will  always  contain  an  unprt*<lictable 
element.  Furthermore,  it  should  Ik  not(.*d  that  avalanches,  like  storms,  are 
essentially  l(Kal  phenomena.  The  tables  of  Coaz  and  Mougin  show  this 
clearK’  enough.  .A  year  iXH)r  as  a  whole  in  great  avalanches  will  yet  show 
7  or  8  or  10  consitlerable  (Kcurrences  along  the  same  valley,  even  on  the 
territory  of  a  single  commune,  whilst  in  neighlM)ring  regions  they  are  few 
in  numlKr  or  limitetl  to  the  u.sual  small  annual  avalanches.  This  was 
instancetl  in  the  French  .Alps  in  1923.  In  lower  and  central  Oisans  on 
March  3,  1923,  between  4  and  5  o’clock  in  the  morning  there  fell  more 
than  l(K)  avalanches,  10  of  catastrophic  dimensions.  The  same  year  in  the 
l*real|)s  and  even  in  upjKr  Oisiins  avalanches  were  IkIow  the  average  in 
numlKr.  'Fhus  it  is  desirable  to  establish  as  extensive  and  dense  a  net¬ 
work  of  obse*rvations  as  iH)ssible  for  the  forecasting  tables. 

With  the  ho|K  of  rendering  practical  service  by  the  establishment  of  a 
metlKxl  of  prt*diction  I  leave  the  avalanche,  a  characteristic  phenomena’of 
the  mountain,  an  (Kcurrence  that  has  iKen  known  and  dreaded  since  man 
inhabitetl  the  mountain,  and  one  which  must  Ik  classed  among  the  most 
|K»werful  forces  of  nature. 

"  AHi*.  Le»  avalanchn  de  1922-1923  en  Dauphin^,  Rn.  dt  Oiogr.  Alpine.  Vol.  11.  1923.  p.  326. 

*"C.  Dufour:  Sur  la  chute  de«  avalanches.  Comptes  Rendus  de  I' Acad,  dts  Sci.  [de  Paris],  Vol.  87,  1878. 
P-  307. 


NATURAL  REGIONS  OF  CZECHOSLOVAKIA 


By  Jri-iK  Moschei.ks 

The  Charles  I'niveisity,  Praniie 

Czechoslovakia  (X'cupies  a  comparatively  small  area — it  is  not  much 
larger  than  the  state  of  New  York — but  therein  is  displayed  the  greatest 
variety  of  landscape.  Side  by  side  lie  plains  and  mountains  of  various 
types;  primeval  forests  and  mining  and  manufacturing  centers;  rich 
plowland  and  high  mountain  pasture;  mushnnun  towns  of  t(Klay  and 
ancient  cities  now  pretK'cupierl  with  dreams  of  byg«)ne  glories.'  T'his  mani¬ 
foldness,  this  changing  of  aspect  almost  at  every-  step  is  a  characteristic 
feature  of  the  country-.  .Another  distinguishing  feature  is  bound  up  with 
its  situation. 

For  g(HKl  reasons  the  Czechoslovakian  republic  has  been  calk'd  the  heart 
of  Kurope.  Though  as  regards  area  the  center  of  Fkirope  lies  somewhat 
farther  to  the  northeast,  the  center  of  population  is  approximately  in  the 
Uirder  region  between  Bohemia  and  Moravia.  Czechoslovakia  is  situati-il 
on  the  threshold  between  the  densely  populated  west  and  the  sparsely 
inhabite<l  east.  This  question  of  .situation  is  of  such  fundamental  impor¬ 
tance  that  we  shall  examine  it  first. 

.Anterior  F'.urope,  as  we  may  term  that  part  of  the  Fmropean  mainland 
west  of  a  line  running  from  the  mouth  of  the  Vistula  (Weichst'l)  to  that  of 
the  DanulK*,  is  crossed  by  two  belts  of  mountains.  From  the  .Ardennes 
to  the  Bohemian  massif  we  find  an  interruptetl  row  of  irregularly  shape<l 
fault-block  mountains,  remnants  of  a  once  continuous  peneplain.  From  the 
Ciulf  of  (ienoa  a  great  mountain  arc,  comprist'd  by  .Alps  and  Carpathians, 
runs  roughly  northeast  and  eastwards.  Where  the  Danube  cuts  across 
the  arc  it  truncates  obliquely  the  row  of  fault-bl<K'k  mountains.  Between 
the  two  mountain  systems,  as  well  as  north  of  the  fault-bhx'k  mountains 
and  within  the  .Alpino-Carpathian  arc,  lowlands  Inmler  the  f(M)t  of  the 
highlands.  The  central  forelands  of  the  .Alpine  system  and  the  (ierman 
lowlands  of  the  great  Fkirojx'an  plain  merge  into  each  other  where  the 
fault-block  .series  dist'ontinues.  The  central  lowland  belongs  to  the  I  )anube 
basin  and  thus  makes  connection  with  the  southern,  Pannonian  lowlands. 
Now  the  meridional  axis  of  Czechoslovakia  lies  just  in  the  central  lowland. 
I)etween  the  Bohemian  massif  and  the  Carpathian  sc'ction  of  the  arc  which 
here  projects  northward — that  is  where  one  barrier  gives  out  and  the  other 
is  pierced  in  a  structurally  weak  (faulted  and  less  elevated)  s|X)t  by  the 
Danube.  In  other  words,  ('zechoslovakia  is  situated  where  the  Fairopean 

•  Kor  gc-nrral  accounts  of  the  Czechoslovakian  state  and  its  people  see  Emmanuel  de  Martonne:  L'E^tat 
tch#co8lovaque,  Ann.  dt  Gfogr.,  Vol.  zg.  igzo,  pp.  161-181;  M.  S.  Stanoyevich:  Czecho-Slovakia  and  Its 
I'eople,  Ctogr.  Rtv.,  V-ol.  8.  igig,  pp. 
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r.  lUinental  divide  crosses  a  continuous  lowland  tract;  and  it  thus  is  the 
II  iiural  center  of  through  traffic  in  Kuro|K*. 

The  Fi’xdamkntai.  Regional  Division 

The  Roheniian  massif  to  the  west,  the  C'arpathian  ranges  to  the  east  of 
die  meridional  lowland  lK‘lt  are  the  two  main  sulKlivisions  of  ('mdioslo- 
\akia.  The  first  is  the  basin  of  the  V’ltava-Labe,  the  upper  Kibe  with  its 
chief  tributar>-,  the  Moldau.  The  C'arpathian  ranges  and  the  lowlands  to 
the  west  and  south  of  them  pertain  with  but  insignificant  exceptions  to  the 
I  lanubian  system.  .-\ddc“d  to  this  hydrographic  distinction  is  ditYerence  in 
I  >.tructure  and  morphological  development. 

I  In  the  Bohemian  massif  the  trend  of  the  relief  is  almost  entirely  due 

to  faulting  and  warping.  In  the  northeast  and  southwest  a  northwest- 
xiutheast  trend  prevails,  the  two  other  sides  In-ing  characterized  by  dis- 
liH'ations  at  right  angles,  giving  a  northeast -southwest  trend.  I'pon  the 
whole,  these  disturbances  have  resultwl  in  an  uplift  of  the  border  regions, 

!  hence  the  well-defined  quadrilateral  basin  of  Bohemia. 

!  The  rfx'ks  of  the  massif  are  on  the  whole  resistant.  Weak  nx'ks  are 

restrictixl  to  structural  basins  of  a  Ux'al  character,  and  here  the  rivers 
have  excavated  broad  lowlands,  often  bordererl  by  fault  sc'arps  and  flexures. 
Otherwise  even  the  main  rivers  have  barely  reached  the  mature  stage, 
t  Their  present  valleys,  bordered  by  several  sets  of  terraces,  are  sunk  deeply 

■  into  an  uplifted  peneplain,  the  uplift  being  more  pronounct'd  towards  the 

borders  (Fig.  2).  MonadiUK'ks  of  specially  resistant  nx'ks  rise  some  l(X)  to 
2{x>  meters  above  the  peneplain.  They  either  form  long  ridges,  following  the 
strike  of  folded  rocks,  or  are  circular  in  arrangement,  represcMiting  the 
metamorphosed  rim  of  laccolithic  intrusions. 

In  the  Carpathian  region,  on  the  other  hand,  a  zonal  arrangement  pre¬ 
vails  both  as  regards  structure  and  distribution  of  the  various  kinds  of  nx'ks. 
The  outer  zone  is  representcxl  by  the  sandstones  and  slaty  marls  of  the 
so-called  Flyst'h.  Within  may  lx*  distinguishwl  three  zones  of  massifs, 
separated  from  the  Flysch  and  from  one  another  by  strings  of  basins.  The 
ciAstalline  core  of  each  massif  is  more  or  less  mantled  by  limestones  (Meso¬ 
zoic),  giving  rise  to  karstic  phenomena.  In  the  south  these  massifs  are 
ixirtly  covered  by  young  volcanoes.  Farther  east  the  zone  of  massifs 
disiipix*ars,  and  a  strip  of  lowland  separates  the  Flysch  mountains  from  a 
volcanic  range. 

While  we  contrast  the  faultwl  structure  of  the  Bohemian  massif  with  the 
young  folded  structure  of  the  C'arpathians,  it  must  not  be  overhxiked  that 
even  in  the  Carpathian  Mountains  the  existing  land  forms  are  deix*ndent 
primarily  on  uplift  and  faulting  and  not  on  the  previous  folding,  young 
though  it  is,  geologically  speaking.  Whether  the  area  was  ever  jx-neplaned 
as  a  whole  is  still  o|x*n  to  question.  Yet  unmistakably  old  land  forms, 
traces  of  a  far  more  advancetl  cycle  of  erosion,  are  to  be  found  on  the  summit 
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level  of  the  mountains.  The  rivers  also  are  antecetlent  to  the  (lown-faultmjj 
of  the  intramontane  basins.  In  young  valleys,  along  which  series  of  nn  Ic 
terraces  at  high  levels  may  Ik*  traced,  the  rivers  cross  the  barriers  not  onl\- 
l>etween  two  neighlK)ring  basins  but  even  the  massifs  between  outer  and 
inner  basins. 

.\nother  distinction  due  to  the  tlifferent  stage  of  the  physiographic  cycle 
in  the  two  regions  rests  in  the  difference  of  elevation.  The  central  jKirtion 
of  the  Bohemian  peneplain  lies  at  an  elevation  of  approximately  5(K)  meters 
with  monadnt)cks  rising  ^(K)  meters  above  it,  the  valley  liottoms  bein^ 
only  some  uxi  to  2(K)  meters  above  sea  level.  Towards  the  sides  of  the 
Bohemian  stpiare  the  |x*neplain  is  warped  up,  reaching  altitudes  of  kkk) 
to  i^tx)  meters  in  the  frontier  mountains:  it  is  only  towards  the  southeast 
that  this  warping  is  less  markixl,  the  border  along  the  Moravian  corridor 
seldom  excet*ding  (xx)  meters  alM)ve  sea  level.  In  the  Carpathians  orogenic 
forces  are  far  more  in  ex  idence.  The  elevation  at  which  traces  of  the  old 
land  forms  may  be  found  often  excewls  2(kx)  meters,  the  ('»erlach  pinnacle 
in  the  High  Tatra  rising  to  meters.  This  elevation  is  due  to  later 

crustal  movements  and  does  not  represe*nt  the  original  elevation  at  which 
the  land  forms  in  question  were  develoiKKl,  for  until  almost  recent  geoloj;- 
ical  times  the  Car|)athians  were  islands  and  |)eninsulas  of  seas  and  lakes 
in  which  st“dimentation  was  in  progress  and  round  which  may  be  traced 
shore-line  terraces  up  to  5(K)  meters  and  more  alM)ve  the  present  sea  level. 

The  prestmt  land  forms  of  lM)th  the  Bohemian  massif  and  the  Carpathians 
were  initiate“d  by  faulting  and  uplift,  after  the  formation  of  a  peneplain 
in  the  west, of  sulxlued  land  forms  in  the  east.  But  in  the  east  the  uplift 
was  stronger,  and  the  structure  pnKlucerl  by  folding  is  not  yet  obliterattHl 
by  the  younger  fault  structure. 

IXFLl’EXCE  ox  Hi  MAX  LIFK 

Human  life  reflects  these  conditions.  The  west  is  a  region  of  flourish¬ 
ing  manufacture.  Large  towns  developed  in  the  basins,  the  soft  rocks  of 
which  contain  rich  resources  of  coal  and  lignite.  Sheltered  from  the  cold 
northern  and  rainy  western  winds  they  have  a  warm  dr\'  climate,  yet  with 
sufficient  rainfall  to  permit  the  growing  of  cereals  and  l)eets.  (Jn  a  great 
thoroughfare  from  west  to  east,  this  section  of  Czechoslovakia  gravitates 
towards  the  Atlantic.  From  early  days  it  has  l)een  one  of  the  most  ad¬ 
vanc'd  centers  of  western  civilization.  Of  the  primitive  landscape  but 
little  has  survivcl.  Fields  of  corn  crops,  sugar  l)eets,  cabbages,  and  jwtatoi's 
have  supplantd  the  former  grassy  steppes  of  the  lowlands,  the  former 
wo(kIs  of  the  mountains.  Only  the  .steep  sides  of  young  valleys  and  fault¬ 
line  scarps  are  still  forested  to  a  considerable  extent.  The  average  density 
of  jx)pulation  is  128  per  square  kilometer. 

The  Car|>athians  offeree!  their  early  inhabitants  shelter  against  the 
warlike,  once  nomadic,  jX'oples  of  the  Pannonian  steppt's.  Only  the  intra- 
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fli;.  I — The  Vltava  (Moldau)  south  of  Prague.  An  incised  valley  cliaracteristic  of  the  Bohemian  massif; 
tlie  (leneplain  in  the  background.  (Photograph  by  Professor  Radim  Kettner.) 

••■c.  3 — In  the  Krknose  (Giant  Mountains),  the  uplifted  peneplain  of  the  northeastern  border  of  Bohemia. 
Ttie  lake-filled  cirque  of  the  Maly  rybnik  (small  fishpond)  in  the  foreground.  (Photograph  by  Professor 
Viiasek.) 
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luontaiu*  basins  are  habitable.  Here  fK'ople  clu.ster  into  small  towns 
and  lar^e  villages.  Here,  up  to  altitudes  of  sometimes  more  than  Hoo 
meters,  arable  soil  is  to  Ik*  found,  though  there  is  always  the  threat 
of  inuiulation  when  the  snow  melts  in  the  mountains  and  torrents 
descend  from  their  narrow  ravines  onto  the  level  bottom  of  the  basins. 
l.umlKring  is  one  of  the  chief  (X'cupations,  and  sheep  raising  rules  life  on 
the  mountain  pastures  alM)ve  the  limit  of  forests,  that  is  at  an  elevation  of 
from  i.vx>  to  1400  meters.  The  average  |)opulation  density  of  the  whole 
region  is  but  57. 

'I'he  influence  of  the  orographic  features  on  the  development  of  com¬ 
munications  is  clearly  exhibited.  The  roads  of  the  Bohemian  basin  have 
lK‘en  centert“d  practically  since  prehistoric  times  on  the  site  of  Prague, 
where  most  of  the  larger  rivers  converge,  though  the  former  roads  avoidwl 
the  narrow  deeply  incise*d  valleys,  reaching  the  high-level  plain  by  mounting 
the  more  gently  incliiu*d  slojx's  of  meander  spurs.*  The  railroads  prefer  the 
valley  lM)ttoms,  crossing  the  spurs  by  tunnels  and  using  the  alluvial  flats 
developed  now  on  the  right,  now  on  the  left  bank  of  the  river.  Therefore 
w  ith  the  development  of  railroads  a  valleyward  movement  of  the  population 
si*t  in.  This  applies  es|x*<'ially  to  the  valley  of  the  Beroun,  where  limestone 
(juarries  ojxned  in  the  foldwl  Devonian  limestones  and  the  establishment 
of  huge  cement  works  created  populous  settlements. 

In  the  ('arpathian  Mountains  there  exists  no  such  natural  center  of 
communication.  The  main  lines  of  traffic  branch  out  from  the  Moravian 
corridor  aiul  cut  through  the  Flyst'h  belt  by  following  transverse  valleys, 
riiere  valleys  are  always  threalenc*d  by  laiKlslides;  for  the  slo|x*s  are  still 
being  undercut  by  erosion,  and  the  lithological  nature  of  the  formation — 
alternation  of  clays  and  siindstones — favors  the  tendency  to  slide.  Within 
the  Carpathian  arc  also  the  railroads  follow  the  course  of  the  rivers,  passing 
from  one  basin  to  the  next.  Kach  small  basin  has  its  own  center,  all  of 
them  growing  under  the  influence  of  the  railroads,  but  no  one  showing 
signs  of  lx*coming  all-im|)ortant  for  the  whole  region. 

The  Bohemian  Massif* 

Northwestern  Bohemia  may  lx*  dest'rilxxl  as  a  broad  arch,  the  keystone 
of  which  was  down-faulted.  The  up-warped  ix*neplain  slofX's  gently 
towards  the  interior  of  Bohemia  to  the  C'isafsky  Les  (Imjx*rial  Forest)  and 
towards  Saxony  in  the  Kru§n6  Hor>-  (Ore  Mountains),  but  both  these 
mountains  turn  a  steep  slojx*  towards  each  other,  at  higher  levels  repre¬ 
senting  a  much  disse*cttHl  fault  scarp,  farther  down  a  young,  nearly  undis- 
sex'ted  fault-line  scarp.  These  two  features  of  the  slojx's  are  of  different 
morphological  age,  but  they  may  lx*  due  to  the  siime  faulting;  or  the  mor- 

•  For  details  of  the  site  of  Prauuc  see  the  author's  paper,  “  PraRUc:  .\  tieographical  Sketch  of  the  Town." 
(ifotra/iska  Annalrr.  Vol.  2,  1920,  pp.  67-79. 

•  See  also  the  author's  pa|>er  “Les  regions  morphoingiiiues  du  massif  bohimien.”  .Iicii.  df  Giogr.,  Vol.  ,t2. 
I9ii,  pp.  4«-57- 


.'a.  in  ih**  spurs  of  the  ^umava  (Bohemian  Forest). 
<»v  in  northern  Bohemia.  T<»poKraphic  forms  in  the  ! 
In  the  background  the  basaltic  neck  and  crowning 


568 


THK  (iKlHiRAI'HICAL  KKVIKW 


ph<)l()j>ically  younjj.  lower  part  of  the  slope's  may  even  l)e  the  geolonirallv 
older  one.  For  with  the  down-faulting  setlimentation  set  in  all  over  the 
down-faulted  trough  of  the  Ohfe  (K^er)  basin,  a  thick  mantle  of  se‘<linit  nts 
protecting  the  lower  parts  of  the  slojx's  against  denudation  until  a  new 
regional  uplift  re\  ivwl  river  erosion. 

X’olcanic  eruptions  went  hand  in  hand  with  the  orogenic  movements;  the 
l)ome<l  Mountains  (StfedohoFi)  on  both  sides  of  the  Lalx*.  now  base- 
leveU*d  and  faulti'd,  and  the  Mountains  of  Douixtv,  crosse<l  by  the  Ohre  in 
a  picturestpie  valley  Ixlow  Karloxy  \’ar>-  (('arlsbad),  are  the  largest  of  the 
volcanic  remnants  of  Northwestern  Bohemia.  The  last  phenomena  of 
volcanic  activity  still  e.vist  in  the  form  of  the  numerous  mineral  and 
thermal  springs,  of  which  those  of  Karlovy  \’ar\*  (('arlsbad)  are  the  lK‘>t 
known. 

.\s  the  name  “Ore  Mountains”  implies,  the  region  is  rich  in  minerals, 
ores  of  silver,  copjx'r,  tungsten,  etc.,  (K'curring  in  the  contact  zone  Ix'tween 
the  ciA’stalline  scdiists  and  the  granitic  laccolites.  For  long  the  chief  in- 
dustiA’  of  the  region  was  mining.  .\t  a  later  period,  when  the  chief  IcKles 
were  exhausted  and  mining  no  longer  paid,  a  state  of  overpopulation  oh- 
taiiH“tl  in  the  mountain  region.  Home  industrie?>  were  develojx“d,  jjoorlv 
paid  though  these  are,  and  remarkable  skill  in  the  making  of  all  kinds  of 
laces,  W(XKlen  toys,  and  musical  instruments  has  been  acquirt*d.  There 
also  st't  in  a  movement  of  migration  downward  into  the  basin  of  the  OhFe. 
w  here  lignites  and  fine  china  clay  have  given  rise  to  a  flourishing  ceramic 
industiA’.  More  recently  mining  in  the  mountains  has  lx*en  revived,  notably 
with  the  disc'overy  at  JAchymov  of  pitchblende  rich  in  uranium. 

Northeastern  Bohemia  is  the  region  of  the  Sudetic  ranges.  Here,  t(K), 
the  jx'neplain  was.warjx'd  up;  but  the  keystone  of  the  geanticline  here  still 
represents  the  highest  part,  facing  with  steep  fault  scarps  the  interior  of 
Bohemia  as  well  as  the  Silesian  plain.  The  Sudetic  Mountains  might  lx 
descrilx'd  as  more  or  less  trunk-shajx'd.  They  are  crossed  by'  longitudinal 
and  transverse'  faults,  along  which  the  bhx'ks  were  moved  differentially. 
The  dominant  block  is  that  of  the  KrkonoSe  ((ioat’s  Ridge,  sometimes  also 
called  the  (iiant  Mountains),  rising  in  the  Sni^zka  (Snow  Dome,  though 
rather  pinnaclt'd  in  shajX')  to  l(x)3  meters.  During  the  Ice  Age  this  part  of 
the  Sudetic  Mountains  suffereel  glaciation  of  the  Norwegian  tyfie;  and  the 
level,  m(x>r-covered  fjeld  presents  a  marked  contrast  to  the  stet'p  sides  of 
the  cirejues  and  the  overdeepc'iied  valleys  Ix'low'  (Fig.  3). 

For  man  these  mountains  had  little  to  offer.  It  is  only’  in  the  valleys 
that  one  finds  industries  develojxxl,  linen  weaving  and  paix'r  making,  using 
for  the  manufacturing  processt's  the  clear  waters  of  the  mountain  streams 
as  well  as  |X)wer  from  the  rapids. 

Southwestern  Bohemia  is  the  land  of  the  Sumava  (Bohemian  Fore>t). 
These  mountains  may’  be  considered  to  Ix'  residuals  surviving  from  the 
f<*rmer  watersht*d  of  the  great  Bohemian  jx'iieplain,  y’et  at  the  siime  time 
their  summit  level  suggests  the  existence  of  an  older  |X‘neplain,  sloping 
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down  towards  the  northeast.  The  central  Bohemian  nionatliKH'ks  of  the 
hr(l\  cappwl  by  this  old  peneplain,  and  near  Prague  it  is  seen  to 

di])  k-l»)W  the  <lenu<U‘d  wl^e  of  imfoldt'd,  almost  uiulistiirluHl  ('retaceous 
l)ed>  rite  B(diemian  Forest  is  the  larjjest  W(KKle<l  area  of  Ihdiemia;  and 
imuh  wchhI  is  rafted  down  on  the  X’ltava  (Moldaii),  which  here  has  its 
snirce. 

bike  the  Ibdiemian  Forest,  the  Bcdiemo-Moravian  Iwtrder  rejiion  in  the 
southeast  is  one  of  the  least  populateil  parts  of  Bohemia,  the  average 
deiiMty  fallinjj  to  30.  The  general  altitude  doi's  not  exceol  (kk)  meter>, 
hut  the  soil,  derived  from  ciAstalline  schists,  is  |KH)r,  the  rey:ion  exjK)st“d  — 
it  is  called,  thoujjh  with  much  exajijieration,  the  ‘‘Bohemian  SilH'ria."  It 
otters  no  ditticulties  to  transit  and  is  crossed  by  numerous  lines  of  tratiic 
hut  by  no  important  (tne  such  as  mijjht  possibly  stimulate  the  jjrowth 
of  towns  along  it. 

The  largest  town  of  southern  Ihdiemia,  Budfjovice  iBudweis),  is  situatinl 
in  the  angle  between  the  northwest ward-t rending  Sumava  and  the  north- 
eastward-trending  Bohemo- Moravian  lM)rder  regions,  in  a  small  down- 
faulti'd  basin.  Its  origin  as  a  prehistoric  site  may  be  traced  to  the  imper¬ 
meable  clays  that  permitted  the  construction  of  tishjtonds. 

The  center  of  Ibdtemia  is  the  jiivot  of  the  region,  whether  regardt'd  geo¬ 
logically,  eronomically,  or  historically.  West  of  Prague  coal  is  miiutl  in 
the  districts  of  Kladno  and  Plzen  (Pilstm).  Rich  iron  ores,  limestones, 
kaolin,  and  various  brick  clays  <K'cur  in  the  immediate  vicinity;  hence  the 
coid  basins  represent  one  of  the  chief  manufacturing  centers  of  Czecho¬ 
slovakia.  North  of  Prague  we  enter  the  region  covere<l  by  ('retaceous  r<H'ks 
hut  slightly  disturlK“d.  On  the  border  of  the  old  lands,  represcMited  by  the 
ciAstalline  nn'ks  of  the  Sudetic  Mountains,  sandstones  dominate,  often 
rising  in  weird  shajK's  and  covered  by  heath  and  dark  pine  forests.  Here 
in  the  region  of  W(hk1s  and  arenaceous  quartz  lies  the  chief  center  of  the 
celebrated  Bohemian  glass  industry.  Farther  south  fertile  marls  prevail 
or  a  suiK'rficial  covering  of  loess.  These  lowlands  along  the  Labe  north  of 
Prague  are  the  Bohemian  paratlise,  where  wheat  and  sugar  beet,  the  famous 
Bohemian  barley  and  hop,  the  vine,  and  other  fruits  thrive.  Manufacturing 
is  here  comH*ctetl  with  agriculture,  w  hich  not  only  furnishes  the  raw  material 
hut  also  the  necessiiry  labor.  When  the  harvest  is  over,  the  season  for  the 
factories  lx*gins,  providing  work  for  the  winter  months.  Truly  a  paradise, 
where  work  in  the  open  air  and  in  the  factories  alternates,  giving  oj)por- 
tunity  for  acquisition  of  health  and  wealth  and  without  the  drawbacks 
nearly  always  connectwl  with  manufacturing  districts  in  the  vicinity  of  a 
coal  field. 

Thk  Moravian  Corridor 

In  the  east  the  Bohemian  massif  is  bordered  by  the  lowland  belt  of  the 
Moravian  corridor.  In  time  almost  recent  geologically  the  corridor  was 
(HTupiwl  by  a  sea,  which  has  left  its  mark  not  only  in  the  sediments  of  the 
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lowlands  but  also  in  marine  l)eac'hes  and  platforms  of  abrasion  alonjj  the 
border  of  the  massif  as  well  as  alon^  that  of  the  Carpathians.  As  the  sea 
washed  the  shores  of  a  ixmeplain  in  the  west,  in  the  east  a  land  of  dis^i-cted 
mountains,  the  two  shore  lines  are  rather  dissimilar.  In  the  west  the  old 
shore  line  runs  almost  straight,  in  the  east  the  st‘a  invaded  the  valleys  in 
long  narrow  gulfs.  Isolatetl  hills  rise  above  the  lowland;  they  are  the 
summits  of  down-faultetl  mountain  ranges,  once  connecting  the  .Alpine 
and  Carpathian  sertions  of  the  arc.  Though  isolatetl  and  of  slight  eleva¬ 
tion,  srmie  5(X)  meters,  they  yet  protect  the  southern  part  of  the  lowland 
against  the  cold  northers,  and  here  the  siune  economic  conditions  prevail  as 
in  the  central  Bohemian  plain.  Farther  to  the  north  the  climate  is  more 
severe,  and  stcx'k  raising  assumes  more  im|K)rtance.  Then  suddenly  the 
scenery  changes.  Dark  smoke  clouds  hang  over  the  landsca|X‘,  heaps  of 
slag  disfigure  the  ground,  a  hundre*d  towering  chimneys  pnxlaim  the 
entry  into  the  manufacturing  region  of  the  Ostrava  coal  field,  the  chief  coal 
district  of  Czechoslovakia,  situated  just  on  the  frontier  and  forming  the 
southern  edge  of  the  l’pix*r  Sik‘sian  coal  field  (Fig.  6).  The  Ostrava  con¬ 
urbation  is  far  more  populous  than  even  the  principal  town  of  Moravia, 
Brno  (Briinn). 

Brno  lies  within  the  massif,  where  several  rivers  unite  before  crossing  i\> 
lx)rder  towards  the  lowland.  Sheep  farming  on  the  mountain  heights; 
small  coal  fields  west  of  Brno  which,  lying  in  a  narrow  down-fault  trough, 
escaped  denudation;  and  the  (xcurrence  of  various  clays  have  made  of 
Brno  a  manufacturing  center,  with  a  w<K)llen  manufacture  celebrattnl  from 
of  old  and  a  stove-manufacturing  industry  that  sprang  from  the  making 
of  Dutch  tiles.  Though  less  im|x>rtant  than  Prague  (676,476),  Brno 
(221,422)  excels  it  by  far  in  the  lx*auties  of  its  surroundings.  North  of 
Brno  lies  the  woiulerland  of  the  Moravian  Karst  with  its  stalactite  caves 
in  Devonian  limestones;  and  in  the  east,  beyond  the  lowland,  the  blue 
ridge  of  the  Carpathians  Inmlers  the  horizon. 

Till*;  Carpathian  .Arc 

Within  the  Carpathian  region  of  Czechoslovakia  two  main  sulxlivisions 
may  Ix'  distinguishetl.  In  the  west  is  Slovakia,  where  small  basins  alternate 
with  mountain  groups.  In  the  east  is  one  large  basin,  the  Marniaros, 
where  the  up[XT  Tisa  gathers  its  waters,  the  center  of  Carpathian  Ruthenia 
(IVxlkarpatska  Rus).  Between  these  two  regions  the  Presov-KoSice 
(Kperies-Kassii)  corridor  runs  northward  to  the  Flysch  range,  where  low 
gaps,  only  some  5(X)  meters  in  elevation,  act  as  gateways. 

This  Flysch  zone,  representing  the  northernmost  or  outer  range,  is  the 
most  continuous  of  all  the  ('arpathian  zones  for  it  stretches  far  into  Ruma¬ 
nia.  Permanent  settlements  are  to  lx  found  in  the  valleys,  the  mountains 
being  frequentwl  only'  by  woodmen  and  seminomadic  shepherds.  The 
same  is  the  case  with  the  massifs  of  Slovakia,  composed  of  granites,  crys- 
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tallinc  schists,  and  Meso/oic  limestones,  all  intensely  fol(k*d  and  fracturwl 
rich  in  mineral  and  thermal  waters,  and  not  improbably  far  richer  in  (ire> 
than  the  comparatively  few  mines  already  oiH-ntHl  would  indicate.  Where 
the  mountains  lH)rder  on  the  basins  numerous  (juarries  have  been  o|K-ned 
but  traffic  is  still  t(M>  i)<H)r  to  make  (piarryinjj  pay  farther  in  the  interior. 
'Fhe  l<>ftiest  of  these  massifs  is  that  of  the  Hijih  Tatra  (.2f>f>3  meters), 
sculpt  lin'd  by  kbiaternar>'  glaciers,  with  cinjues  (K'cupit'd  by  small  lake' 
overtoweriil  by  steep  walls  of  dark  re<l  r<K'k  or  w«MKl-clad  sIojk-s  of  a  deep 
^jreen  under  a  blue  sky,  and  snow  fields  which  vanish  only  late  in  the  sum¬ 
mer.  One  can  well  understand  the  brilliancy  of  colors  displayinl  in  the 
national  iiaintin^^s  and  embroideries  and  their  perfect  blendinj;;!  Xo 
wonder  that  health  resorts  and  tourist  centers  are  lK*ins  develoiHnl  in  thesi- 
mountains  which  rival  in  their  iK'auty  the  most  renowneil  attractions  of 
Switzerland. 

The  main  river  of  this  rejjion  is  the  \'ah  (Waaji),  a  tributar\-  of  the 
Danube,  which  it  joins  in  the  great  Slovakian  plain  on  the  southern  Ixirder 
of  the  Carpathian  Mountains.  Where  the  Danube  crosses  the  Carpathian 
arc  the  jirincipal  town  of  Slovakia,  Bratislava  (Pressburg),  arose-.  With 
Komarno  a  little  farther  downstream  it  is  the  chie-f  ('zee'hoslovakian  {lort 
on  the  Danulie-,  and  the  c'ontemplate-el  cemstruction  of  a  wate-rway  lietween 
the  I.alie  (Kiln-)  and  DanulH-  would  greatly  increase*  its  im|)ortance.  The 
Slovakian  plain  is  but  a  part  of  the  huge  I'annonian  down-fault  within 
the  Carpathian  arc.  Kconomii'ally  it  re-se-mble-s  the  southern  part  of  the 
Moravian  e'orridor. 

Northward  along  the  rivers  flowing  down  from  the  ('arpathian  Moun¬ 
tains  the  filain  gradually  jx-te-rs  out.  On  the  \’ah  a  narrow  gap,  where  the 
hot  springs  of  Trenfin  have  cre-ate-d  a  spa,  leatls  from  the  plain  to  the  first 
and  most  important  of  the  intramontane  basins,  that  of  2ilina.  This 
is  a  railway  junction  and  a  e'enter  of  the  main  manufacturing  inilustries 
characteristic  of  the  ('arpathians — wikkI  working,  pulp  making,  the  working; 
of  w<H)l,  flax.  jKitten,-,  glass,  and  iron,  for  whie'h  last-name-el  industry  the 
inine-s  of  the  Slovakian  Ore  Mountains  furnish  the-  raw  material.  .Ml  the 
other  materials  are  prenlue'e-el  on  the  s|)ot :  e'oal  has  to  lx-  brought  thither 
from  Ostrava,  but  the  white  e'oal  of  the  Inmlering  mountains  already  fur- 
nishe-s  a  e'onsielerable  part  of  the  motive  |iower. 

I'pstre-am  of  the  Wih  we  pass  through  the  basin  of  Turt-c  to  the-  great 
basin  semth  of  the-  High  Tatra.  By  an  imjx-re'eptible  divide  its  we-ste-rn 
part,  the  basin  of  I.iptov,  where  rise  the  headstreams  of  the  Yah,  is  distin- 
guishenl  from  the  basin  of  Spi§  whe*re  the  Hernael,  the  chief  tributar\-  of 
the*  Tisa,  and  the  Poprad,  which  crosses  the  Flysch  mountains  to  join  the 
N’istula,  have  their  headwaters.  Here  likewise  manufacturing  is  in  progre-ss 
together  with  farming  and  lumlx-ring,  and  little  ancient  towns  are-  to  lie- 
found  all  along  the  former  highroads,  now  desertexl  for  the  railreiad.  But 
it  .diould  Ik*  obse-rve-d  that  these*  towns  of  Slovakia  are  in  no  way  like 
.•Xmerie'an  or  western  Kureipean  towns.  They  are  in  fact  more  like  large 


K|(..  8 — A  Slfivakian  villaK<‘:  th<*  wiuarp  Jx'fore  the  church.  Note  the  white  c)r  Huht  tinting  of  the  house 
walls  and  the  characteristic  overhanKinu  r<K>fs.  ( l*hotoKrat>h  by  Professor  Vitiwk.) 

Kui.  9 — Panorama  of  the  HiRh  Tatra  wen  frc»m  the  iKisin  of  SpiS.  The  contrast  belw»*en  the  mountains 
and  the  Aat-bottomed  basin  would  f>i’  still  shariKT  but  for  the  wa'*le  cloakinK  the  h»wer  i>art  of  the  fault  scarp. 

Fi<;.  lo — A  shepherd's  hut,  su/df,  near  the  lr**e  line  in  Cari»athian  Ruthenia.  (Photonraph  by  Professr»r 
JtM  Kril.) 
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villages:  only  the  central  srjuare  has  proiHT  houses  instead  of  huts,  and 
these  for  the  most  part  are  hut  one-storiwl. 

'Phe  valley  of  the  Hron  ((iran),  the  st'cond  large  trihutaiA'  of  the  DanuU- 
with  a  course  parallel  to  that  of  the  Vah,  liorders  the  Slovakian  Ore  Moun¬ 
tains  to  the  north  and  si*parates  them  from  the  mountains  of  Stiavnica  and 
Kremnica  to  the  west.  These*  volcanic  mountains  of  Tertiary  age  give  rise* 
to  rather  broken  and  humnuK'ky  country  with  wtxxls,  pastures,  small  heUh. 
orchards,  and  vine-clad  southern  slopes.  A  mountain  railroad  with  nunuT- 
ous  tunnels  and  lofty  viaducts  connects  Stiavnica  with  Kremnica,  lyinn 
|)icturestpiely  at  the  f(X)t  of  the  hill  crowned  by  the  station,  the  town  re¬ 
appearing  at  each  curve  of  the  train,  winding  up  to  cross  the  mountain 
barrier  on  its  way  to  Turec.  From  ancient  days  gold  and  silver,  together 
with  cojrper,  have  Ix'en  ininerl  in  this  volcanic  region,  and  the  mint  (»f 
(  zechoslovakia  was  establishtxl  at  Kremnica. 

The  crystalline  schists  of  the  Ore  Mountains  of  Slovakia  contain  iron, 
copper,  and  manganese;  and  in  the  small  valleys  in  the  heart  of  uninhabitid. 
almost  primeval,  forests  we  come  upon  forges  and  rolling  mills.  Banska 
Bystrica  on  the  Hron  may  Ir*  said  to  lx*  the  economic  center  of  this  mining 
region,  though  situatixl  on  its  northern  lx)rder.  In  this  town  the  mansions 
of  the  nuxlieval  mining  masters  with  gates  carrying  armorial  lK*arings  give 
to  the  great  central  square  its  distinctive  physiognomy. 

Fast  of  the  Tatra  and  the  Ore  Mountains  the  crvstalline  rcxks  disiip|x.*ar 
along  the  tectonic  trough  of  the  Hernad,  where  the  Pannonian  plain  extends 
northward  to  the  verv*  txlge  of  the  Fly.sch  zone.  This  corridor  is  the  chief 
meridional  highway  of  Slovakia;  and  larger  towns,  Ko§ice  (52,6<)()  inhab¬ 
itants)  and  PreSov  (17,581),  arose  here,  chiefly  Jewish  market  centers. 
I'o  the  east  the  corridor  of  the  Hernad  is  lx)rdert‘<l  by  the  Tertiary  volcanic 
mountains  of  Presov,  in  the  andesites  of  which  lH.‘autiful  opals  are  mim'd. 
Here,  tex),  mineral  and  hot  springs  are  the  last  tokens  of  former  volcanic 
activity. 

In  the  Presov  district  alx)Ut  the  frontier  between  Slovakia  and  C'arjw- 
thian  Ruthenia  three  different  regions  may  lx*  distinguished.  That  of  the 
Flysch  zone  is  low  in  the  west  but  rises  towards  the  east  in  the  Czornahora 
to  over  2(xx)  meters,  the  summits  being  sculptured  by  (Juaternarv-  glaciers. 
W  hether  of  greater  or  lesser  elevation  these  mountains  are  almost  invariahly 
coveri*d  by  uninhabited  woods.  The  poor  soil  and  the  severe  climate — the 
region  is  unprotected  to  the  north — allow  only  the  cultivation  of  the  more 
hardy  crops,  oats  and  potattx?s,  in  the  more  sheltered  valleys.  Where  the 
mountains  rise  alxne  the  iipjx'r  tree  line,  at  an  elevation  of  alxntt  i.vx) 
meters,  isolatt'd  sala^es  are  the  temjxjrar^’  alxxles  of  the  st'minomadic 
shepherds  (Fig.  10). 

A  volcanic  range,  the  V’ihorlat  Mountains,  hugs  the  southern  bonier 
of  the  Flysch  zone  in  the  west.  Farther  eastward  the  volcanic  mountains 
trend  to  the  southeast  and,  crossing  the  Tisa,  continue  as  the  (iutin  Moun¬ 
tains  of  Rumania.  Their  vine-clad  slojx's  separate  the  basin  of  the  upjx'r 
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Tis.1.  the  MarmaroS,  from  the  northern  jjulf  of  the  Pannonian  plain  arouml 
Tzhorotl. 

The  Neogene  sea  enter<.>(l  the  niountain-walkHl  basin  of  the  Marmaros. 
and  lierein  thick  beds  of  rtx'k  siilt  were  de|)osited.  The  siilt  resources  of  the 
MarinaroS  seem  to  be  inexhaustible,  and  they  are  the  more  precious  as  they 
are  the  only  ones  in  C'zt'choslovakia.  Chemical  works  are  springing  up  in 
the  vicinity  of  the  mines;  and,  as  the  plain  west  of  the  Vihorlat  Mountains 
is  rich  in  lignites  of  excellent  quality  though  still  little  worked,  a  center  of 
chemical  manufacturing  will  probably  originate  here  in  the  far  east  of 
Czo'hoslovakia — a  counterpart  to  that  of  Csti-on-the-Labe  (Aussig)  in 
the  west,  where  the  northwest  Bohemian  lignite  field  reaches  the  trade 
route  of  the  navigable  Lalx*,  providing  cheap  carriage  for  raw  material 
often  brought  from  a  distance. 

The  valley  of  the  upper  Tisii  lies  in  the  axis  of  the  basin.  Though  only 
some  four  kilometers  broad,  the  valley  is  more  than  70  kilometers  in  length; 
and,  as  it  has  fertile  soil  and  a  genial  climate,  we  find  here  a  strip  of  highly 
cultivattnl  land.  Its  orchards,  alternating  with  fields,  offer  a  pleasing 
contrast  to  the  Ruthenian  steppes  west  of  the  C'lUtin  Mountains.  That 
part  of  the  Pannonian  plain  is  still  sinking  and  at  a  quicker  rate  than  the 
Tisii  and  its  tributaries  accumulate.  Accordingly  swamps,  but  recently 
drained,  covertxi  the  entire  region.  It  is  a  fertile  but  in  no  way  a  beautiful 
district — monotonous,  level,  yielding  rich  harvests,  but  unrelievt'd  by  tree 
or  bush. 

These  are  the  variwl  features  of  C'zechoslovakia.  Regions  of  lieauty 
and  utility,  great  mountains  and  productive  fields  form  the  “vlast,”  as 
we  call  it,  ‘‘the  land  that  belongs  to  us.” 


AN  ICE-ERODED  FIORD 

THE  MODE  OF  ORIGIN  OF  LYNN  CANAL.  ALASKA 


By  I.A\vKKN(ic  Martin  and  Frank  K.  Williams 

Lynn  ('anal-Chatham  Strait  is  the  loiijjest  and  straijjhtest  and  pr()l»al)lv 
the  most  interest inj>:,  important,  and  |)ietures(pie  of  the  many  larj^e  fiords 
in  southeastern  Alaska.  It  e.xtends  in  an  almost  direct  line  for  250  miles 
across  the  ('oast  Ran^e  of  British  ('oliimbia  and  .Alaska  and  the  mountain¬ 
ous  outlyinjj  islands.  It  is  from  one  to  five  miles  wide  and  has  an  extreme 
depth  of  2«)(x>  feet.  .\t  the  north  it  divides  into  ('hilkat  and  ('hilk(M)t 
Inlets.  Within  an  area  350  miles  lonjj  and  having  an  averajje  width  of 
about  150  miles,  extendinji  from  latitude  54°  40'  to  51)°  .^o’  N.  and  fnim 
lonjiitude  130°  to  137°  W'.,  is  a  fiorderi  coast  like  that  which  continues 
southward  with  eipial  j>randeur  in  British  ('olumbia.  It  is  one  of  the  ^reat 
fiord  rej;ions  of  the  world,  comparable  in  scale. to  the  coasts  of  Norway, 
(ireenland.  New  Zealand,  and  southwestern  (  hile. 

d  he  Lynn  ('anal-('hatham  Strait  fiord  is  in  a  mountain  region  where 
glacial  erosion,  stream  erosion,  change  of  level  of  the  land,  and  faulting 
have  all  taken  place.  Its  origin  may,  therefore,  be  thought  to  have  in- 
volvexl:  (i)  ice  erosion  alone;  (2)  stream  erosion  chiefly,  followed  hy 
sinking  of  the  land;  (3)  stream  erosion  and  glacial  erosion,  followi*d  hy 
submergence;  (4)  faulting  as  a  major  cause;  (5)  some  combination  of  all 
four.  It  is  the  purpose  of  this  paper  to  show  that  the  hord  is  due  chiefly 
to  glacial  erosion  and  that  stream  en)sion  and  faulting  are  of  minor 
importance. 

Many  fiords  of  varying  size  join  this  straight  waterway.  Some  of  them 
are  small  tributary  inlets,  while  others  are  w  ide  passiiges  nearly  as  deep  as 
Lynn  C'anal-C'hatham  Strait.  .Among  the  former  are  Berners  Bay,  St. 
James  Bay.  Tenakee  Inlet,  Tebenkof  Bay,  and  many  smaller  indentations. 
Of  the  larger  class  are  (ilacier  Bay-Icy  Strait,  Stephens  Bassiige,  Peril 
Strait,  and  Krexlerick  Sound-Taku  Inlet.  Most  of  these*  are  submarine 
troughs  which  were  probably  original  tributaries  to  a  pre*glacial  valle*y  on 
the  .site  of  the  [>resent  Lynn  C'anal-C'hatham  Strait  fiord. 

*  \’urit>ui>  imOu  <if  till'*  fiord  have  hern  discustifd  by  Nordrnskjold.  Davidwin.  BriN)k!i.  Gilb»Tt,  Sprturr. 
the  Wriulit*.  Knopf,  and  othrrs.  (lilbiTt.  errei’ially.  Mtidiod  llic  effects  of  glaciation.  The  senior  author  ot 
this  |>a|>er  has  iK-en  all  of  Lynn  Canal.  Cliatliam  Strait.  Frederick  S<mnd,  Stephens  PassaKe.  Icy  Strait.  Cross 
Sirund.  and  Peril  Strait,  except  a  short  stretch  in  Chatham  Strait  between  Peril  Strait  and  Frederick  Smnd 
Most  of  these  fiords  he  has  traversetl  several  times  by  daylight  in  connection  with  six  tri|>s  to  .Maska.  He  stud¬ 
ied  iMirtions  of  Lynn  I'anal-Chatham  Strait  and  its  tributaries  in  detail,  working  on  shore  and  from  launches 
in  igos.  1411,  and  lot.t.  He  visited  Glacier  Bay.  Diindas  Bay,  Taylor  Bay.  and  Excursion  Inlet,  north  of 
Cri>ss  Smnd-lcy  Strait;  hK'alities  at  Flynn  Cove  south  of  Icy  Strait  on  Chicago!  Island;  at  Davidson  Glacier. 
Skagway.  and  Tee  Harijor  on  Lynn  Canal;  at  Juneau  and  Treadwell  gold  mine  on  (>astineau  Channel;  near 
Taku  and  Norris  (tiaciers  onTaku  Inlet;  and  at  Funter  Buy  and  Killisnoo  on  .-Xdmiralty  Island  east  of  Chatham 
Strait.  He  sailesi  through  these  and  other  |>arts  of  this  fiord  system  on  steamships  in  1404.  1404.  and  1410, 
accompanied  in  the  latter  year  by  the  junior  author. 
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1  lu  rt*  are  no  tidal  glaciers  in  the  main  fiord,  hut  many  small  ice  tongues 
lif  oil  the  steep  slopes  of  Lynn  C'anal  and  its  trihutaries.  Hast  of  Lynn 
('an.il  the  large  Mendenhall.  Kagle,  and  Herbert  (ilaeiers  still  terminate 
KM*  to  4tK>  feet  above  sea  level.  West  of  the  fiord  one  nuHlerate-sized  glacier, 
the  Havidson,  ends  almost  at  sea  level.  There  are  fifteen  or  twenty  large 
ice  tongues  in  the  ('dacier  Bay  tributary  of  Lynn  ('anal  and  four  in  Taku 
Inlet,  most  of  those  in  the  last  two  fiords  entering  tidewater.  The  evolution 
of  drainage  from  preglacial  through  glacial  to  present  conditions  is  shown 
in  I'ignre  i. 


Klarial  drainage;  in  the  center,  the  more  imjMirtant  glaciers  at  the  flotwl  stage;  on  the  right.  prest‘nt  fiords  and 
glaciers. 


('ross  Skction  of  tiik  Fiord 

The  slopes  above  and  below  sea  level  are  essentially  the  same.  The 
fiord  has  steep  walls  (Figs.  5,  p)  and,  in  most  places,  a  wide,  almost  Hat 
bottom.  In  northern  Lynn  ('anal  the  fiord  walls  rise  4(M)o  to  (mkhi  feet 
alnive  sea  level  and,  as  the  water  is  t)00  to  24tK)  feet  deep,  the  total  relief 
represented  in  the  cross  section  excet*ds  a  mile  at  many  points.  In  ('hatham 
Strait  the  fiord  walls  are  generally  lower,  although  just  north  of  Frederick 
Sound  the  relief  is  51S0  feet — from  Table  Mountain,  24^^8  feet,  to  the  bottom 
of  (  hatham  Strait,  2742  feet.  The  greater  width  makes  the  fiord  cross 
section  seem  Hatter  toward  the  south.  Indeed,  to  the  average  traveler  the 
most  imposing  fiord  scenery  in  Lynn  ('anal-('hathani  Strait  is  at  the  north 
in  Taiya  Inlet,  where  the  fiord  is  both  steep-sidwl  and  narrow .  This  applies 
esjiecially  to  the  view  as  one  sees  it  from  a  ship  (Fig.  10).  The  prospect  from 
any  fxiint  on  the  fiord  walls  is  everywhere  impressive,  as  in  the  photograph 
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of  a  broad  part  of  Lynn  ('anal  (Fir.  p).  The  cross  st'ction  is  less  a  l'-s!iajH’ 
than  that  of  a  wide,  Hat  pan  with  tlariiiR  si<les.  The  fiord  walls  are  not 
precipitous,  for  an  aiiRle  greater  than  45°  is  uncommon,  while  the  averajje 
is  probably  much  less  than  .V)°. 

A  comparison  of  the  fiord  cross  section  with  that  of  an  ordinan, ,  un- 


Hig.  2 — Photogratih  of  relief  map  of  I.ynn  Canal  and  Glacier  Bay-Icy  Strait,  the  two  northern  tributaries  of 
the  Chatham  Strait  tiord.  showinK  glaciers  existing  in  1894  whose  expanded  ancestors  carved  out  Lynn  Canal- 
Chatham  Strait  (W.  K.  King,  Canadian  Boundary  Survey).  The  numbers  have  reference  thus;  1,  Ml. 
Kairweather;  i,  Lituya  Bay;  3,  Mt.  Crillon;  4.  Cape  SiK-ncer;  5.  Taylor  Bay;  6,  Dundas  Bay;  7,  Berg  Bay, 
H.  Pt.  Gustavus;  g.  Pt.  Couverden;  10,  Taku  Inlet;  11,  Pt.  Bridget;  12.  t*t.  St.  Mary;  13,  Berners  Bay;  14. 
Pyramid  Harbor;  15.  Pyramid  I.;  16.  Skagway;  17.  White  Pass;  18,  Chilkoot  Pass. 

Rlaciatcd  river  valley  convertcnl  into  an  arm  of  the  sea  by  the  sinking 
of  the  land  brings  out  the  salient  features  of  each. 

It  may  In*  seen  by  a  study  of  maps  of  the  same  scale  that  the  trough  of 
Chatham  Strait,  .-Maska,  is  much  wider  than  that  of  Delaware  Bay  in 
the  eastern  1’nitf‘tl  States,  but  their  chief  difference  is  not  in  size  but  in  the 
slojH's  of  the  submarine  valley  walls  (Fig.  13).  The  cross  section  of  the 
Hudson  north  of  New  York,  where  it  was  miKlified  by  glaciation,  is  also 
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dr;r  11  for  comparison.  The  slopes  of  the  channel  walls  of  Delaware  Hay 
and  Hudson  River  are  so  j;en(le  that  they  cannot  U'  shown  without  exag- 
j;er.itinK  the  vertical  scale.  The  submarine  walls  of  (  hatham  Strait  can 
easilv  Ik*  drawn  to  natural  scale  and  show  a  steeper  slope  than  thost*  of 
Delaware  Bay  and  Hudson  River,  although  the  vertical  distances  in  the 
cro>s  section  of  the  latter  have  lK*en  multiplied  by  four.  The  wide,  llat- 
lH>ttonu‘d,  steep-sidol  troughs  of  the  fiords,  as  contrastetl  with  the  nar- 


Fig.  3  Fig.  4 

Fig.  3 — Juneau,  the  capital  of  Alaska.  Juneau  i*  on  (iastineau  Channel,  one  of  the  tributaries  of  Stephens 
Passage,  a  fiord  confluent  with  Lynn  Canal. 

Fig  4 — The  glacially  oversteeiiened  fiord  wall  of  Oastineau  Channel  at  Juneau. 

rower  river  valleys  with  gentle  slopes,  show  clearly  the  effects  of  profound 
glacial  scouring  and  marginal  trimming. 

Longiti  dinai.  Skctiox  f)F  THK  Fiord 

.Mnive  sea  level  the  longitudinal  section  of  the  fiord  is  simple.  Between 
valleys  the  spurs  are  sharply  truncatetl.  Tninterrupted  views  cover 
ex<'t*t*dingly  long  distances,  as  in  most  glaciatefl  valleys  (Fig.  i8).  The  depth 
of  the  fiord  is  I4(X)  ft‘et  near  the  southern  end  of  Taiya  Inlet.  4(H)  feet  at  the 
junction  of  Taiya  and  Chilkoot  Inlets,  2()(X)  feet  off  the  northeast  coast  of 
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Haranof  Island  in  (  liatham  Strait.  2100  feet  east  of  (  ape  Oinmanex.  and 
KKH)  to  15(H)  feet  at  the  mouth  of  Chatham  Strait  in  the  I’ac'ifu'  < )  ean. 
These  depths  of  water  show  that  there  is  not  a  gradual  slope  from  thi- 
head  of  the  fiord  to  the  mouth  hut  that  there  are  alternations  of  deep  l..i>in^ 
and  relatively  shallow  stretches.  Kinures  15  and  ih.  which  represent  the 
hot  tom  of  the  main  channel  of  the  whole  fiord,  reveal  numerous  irreKulari- 


ii»ur  interval  •  RetluctHl  fnini  Slitn'l  111,  Map 

<»f  a  |)ortii»n  of  the  \  ukon  Dislrk'l,  Northwest  Terri- 
tor>'  with  the  adia^-ent  Northern  Part  of  British 
('olunihia.  by  ti.  M.  Oaw*st»n,  i*dil.  of  1S9S. 


ties  in  the  longitudinal  itrofile.  Thi> 
shows  remarkahle  contrast  with  the 
profile  of  a  river;  for  irrenularitie- 
of  a  few  feet  in  the  bottoms  of  stre.mi 
courses  are  notuncotnmon.hutdiffer- 
etu'es  of  several  hundred  or  a  thou- 
siitul  feet  or  more  are  never  found. 

Trihitakiks  of  thk  Main  Fiord 

Many  tributaries  havinjj  the  same 
characteristics  as  Lynn  Canal-Chat- 
ham  Strait  have  been  studied  in  con¬ 
nection  with  the  problem  of  the  main 
fiord.  The  largest  tributary  fionb 
are  twelve  in  number.  They  may  Ih' 
identified  upon  various  maps  illus¬ 
trating  this  article.  .Almost  all  of 
them  show  a  depth  of  at  least  sev¬ 
eral  hundred  feet, and  some  are  from 
I5(K)  to  17(X)  feet  deep,  Kr(.>derick 
Sound  beinji  the  deepest.  I  hey  arc 
all  remarkable  for  their  straijdit  and 
stt.*t‘p  sides  and  for  their  flat  Dot  toms. 
They  ran^e  in  size  from  (iastineau 
Channel,  which  is  17  miles  lonji  and 
I  ^  miles  wide,  to  Stephens  1’ass.inc. 
which  is  120  miles  lonji  and  from  4 
to  15  miles  wide. 


llANiilNf'  A’ai.i.kys 


Near  Lynn  (  anal  a  sreat  number  of  valley  troushs  terminate  at  diflerent 
heights  as  han|>inn  valleys.  In  many  places  there  has  btvn  scarcely  any 
stream  erosion  since  the  disiippearance  of  the  ice,  and  accordingly  water¬ 
falls  are  numerous.  Some  of  the  best  and  most  picturesrpie  of  these  han^mii 
valleys  are  in  Taiya  Inlet  near  Ska^way  ( Ki^.  21)  and  in  ('dacier  Bay 


S)undings  show  many  submarine  hanpins  valleys  also.  The  lM)ttom  of 
SkaRway  Harlxir  lianas  betwi*en  2(K)  and  5(H)  feet  above  that  of  the  main 


AN  K  K-KRODKl)  HORD 


5SI 


which  terminates  at  Dyea.  'I'he  bottom  of  St.  James  bay  hangs  H(H) 
hri  .il>ove  that  of  I.ynn  ('anal.  Irregularities  in  the  lH)ttom  of  the  fiord 
render  it  difficult  to  determine  the  exact  amount  of  discordance  of  Icy 
Strait,  but  it  is  clearly  between  (xk)  ami  H(K)  feet.  The  bottom  of  Kreilerick 
Snind  hangs  l.^x)  feet  above  that  of  Chatham  Strait  (Fig.  22).  Fresh- 
\vat«r  bay.  Tenakee  Inlet,  and  fiiMiniah  Sound  are  discordant  by  amounts 
of  iMH)  to  1 1(H)  feet.  The  floors  of 
>maller  tributary  fiords  hang  at  even 
gn.iter  elevations  above  the  main 
fiord  H(M)r — the  bottom  of  H(mh1  liay 
i>  i4(K)  feet  above  that  of  Chatham 
Strait,  and  the  bottom  of  Fiinter  bay 
i>.l7(K)feet  above  that  of  l.ynnCanal. 

There  are  also  secondary  submarine 
hanging  valleys,  as  in  certain  tribu¬ 
taries  of  Frederick  Sound-Stephens 
I’asMge.  In  speaking  of  what  he 
regards  as  the  small  amount  of 
work  acconii)lislK“d  by  glacial  erosion 
Knopf  siiys:  “It  is  therefore  a  prob¬ 
lem  of  some  interest  why  the  troughs 
of  the  transverse  tributaries,  such  as 
those  of  berners,  Kagle,  and  Men¬ 
denhall  Rivers,  are  not  hung  up  high 
above  the  iMittom  of  i.ynn  Canal.”' 

He  seems  to  have  overhxiked  the 
soiiiidings,  which  show  that  berners 
Bay  does  hang  ,^(H)  feet  above  the 
lM)ttoni  of  Lynn  ('anal.  Moreover, 
it  will  be  necessiiry  to  know  to  w  hat 
depth  the  Kagle  and  Mendenhall 

u  .  ,  ,  .  ,  •  1  •  Kig.  6  — Mai>  Ilf  pari  of  Taiva  Inli-t  at  the  l»'a<l  of 

KiXtrS  ha\  e  deposited  material  m  Lynn  Canal.  silmwinK  its  oulUni'  ami  form  lo  b<‘  fii- 
the  fiord  at  their  mouths  before  it  ‘liffcom  fO'™  Uiat  of  a  ilrowmil  river  vallev 

,  111  1  I'kc  Chesaiieake  Bav  (comiiare  Kid.  i.i).  Baseil  iiimn 

can  be  stated  that  they  meet  the  chart  8.,o.,.t'.s  coasi  ami  (;e.«ieiie  survey. 

main  channel  with  accordant  junc¬ 
tions  and  are  not  hanging  valleys  in  relation  to  the  bottom  of  the  fiord. 

Tiik  Okk.in  of  Isi.ands  and  Rkkfs 

There  are  a  few  islands  in  the  northern  half  of  Lynn  ('anal-(  hatham 
Strait.  Shelter  Island,  one  of  the  largest,  is  about  ten  miles  long.  Several 
of  the  islands  are  more  than  500  feet  high,  but  none  in  this  fiord  reach  a 
height  of  KKK)  feet ;  while  the  fiord  walls  are  four  to  six  times  as  high.  Some 


•Adolph  Knopf:  The  Eagle  River  Region,  Southeastern  .Alaska,  .S'.  CetJ.  Surrey,  Hull,  yoi,  igu.  pp. 
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islands  rist*  only  a  score  of  feet  above  sea  level,  and  some  reefs  are  awash; 
but  the  latter  are  rare.  The  wire-drajj  surveys  show  that  the  fiords  of 
southeastern  .Alaska  contain  many  submarine  pinnacles  that  were  not 
reveak'tl  by  sounding.  The  reefs  at  the  north  end  of  Sc'ntinel  Island  we  St  of 
Kagle  (ilarier,  where  the  steamship  Princess  .\fay  was  wreckiHl  in  i()io 


FUi.  7 — .Map  of  l.ynn  Can.M  near  it*  junction  with  Glacier  Bay-Icy  Strait,  showing  the  steep 
submarine  wall  of  the  fiord  and  its  flat  fl<H>r.  Contour  interval  itxi  feet.  Based  U|>on  Chart 
S.toi,  t'.  S.  Coast  and  Geodetic  Survey. 


and  the  Princess  Sophia  at  a  subsefiuent  date,  constitute  a  menace  to  navi¬ 
gation  attributable  to  the  differential  glacial  sculpture  that  has  left  thest* 
rare  ri'efs  and  islands  of  resistant  rock  in  the  broader  stretches  of  fiortl. 
The  southern  half  of  the  fiord  is  devoid  of  islands,  with  the  exception  of 
small  ones  near  the  shore.  The  soundings  show  few  submarine  knobs. 
Islands  are  abst'iit  where  the  fiord  is  narrow  and  d<.*ep  and  are  more  numerous 
in  the  broad,  shallow  stretches.  This  suggests  that  where  the  fiord  is  nar¬ 
row  the  ice  may  have  (Kvupie<l  one  preglacial  valley  and  that  in  some  of 
the  places  where  it  is  broad  it  fillet!  parallel  or  converging  valleys,  over¬ 
riding  the  minor  divides.  The  ice  wore  down  the  divides  as  well  as  the 
valley  lx)ttom;  but  some  of  the  eminences  remaim'd  high  enough  to  appear 


Kig.  lo 

Kic.  8 — Taiya  InU-t  at  Skagway,  sliowing  the  head  of  the  Lynn  Canal  fiord.  (Photouraph  by  I..  M.  Prindle.) 
Kig.  9 — Lynn  Canal  at  the  junction  of  Chilkat  and  Chilkoot  Inlets  Davidson  (jlarier  on  the  left.  (Photo¬ 
graph  by  N.  J.  Ogilvie.) 

Kig.  io — The  steep  eastern  wall  of  Lynn  Canal,  showing  small  glaciers  along  the  fiord. 
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ill  ■vf  st'U  level  at  the  time  when  the  iee  tonjjiies  melted  away  and  Rlaeial 
iTi'-'ion  ceasi*d. 

The  slopes  of  the  islands  are  alnuit  the  siiine  as  those  of  the  neighboring 
in.iinland-  some  cpiite  steep,  others  rather  gentle.  'I'he  longer  axes  of  the 
pniu'ipal  islands  have,  in  general,  the  same  trend  as  the  coast  of  the  main¬ 
land,  which  is  more  nearly  northwest  than  the  trend  of  the  fiord  and  agrtrs 
with  the  strike  of  the  rocks.  Practically  all  the  islands  are  in  line  with 
adjacent  jH-ninsulas,  of  which  they  are  clearly  cnt-ofY  portions.  Their 
ixi-ition  and  trend  suggest  a  relationship  to  resistant  rock  and  preglacial 
drainage.  The  presence  of  islands  in  a  glaciated  fiord  is  not  remarkable, 
oven  if  the  rock  were  of  the  same  resistance.  Islands  so'em  to  have  the  sanu‘ 
relation  to  ice  currents  that  rock  reefs  bear  to  river  currents. 

Thk  Mot  Til  OK  Till-:  Fiord 

The  scattered  C'oast  and  (iecKletic  Survey  soundings  off  the  mouth  of 
Fhatham  Strait  show  a  wide  submarine  channel  with  relatively  steep 
sides,  extending  from  the  fiord  across  the  continental  shelf.  The  fiord 
mouth,  then,  is  not  at  the  edge  of  the  land  but  about  30  miles  out  at  sea. 
This  channel  is  kkk)  to  12(K)  feet  deep  and  between  15  and  20  miles  wide. 
There  are  also  excellent  data  to  show  the  continuation  of  Cross  Sound 
across  the  continental  shelf.  There  is  a  definite,  witle,  steep-sided  trough, 
alnnit  ten  miles  wide  at  ('ape  Spencer  and  nearly  30  miles  wide  and  I4(K) 
feet  deep  at  the  edge  of  the  continental  slope  (Fig.  16).  Such  submarine 
channels  as  the  two  just  mentioned  might  have  been  the  result  of:  (1) 
ice  tongues  extending  across  the  continental  shelf  and  ennling  below  sea 
level,  because  the  water  was  not  deep  enough  for  them  to  be  afloat;  (2) 
submerged  stream  valleys;  (,^)  stream  valleys  that  have  been  deepened 
and  widened  by  glaciers  and  then  submerged;  (4)  rift  valleys  made  by 
faulting.  The  supposition  that  faulting  is  responsible  for  the  channels 
n‘(|uires  a  conception  of  a  complicated  fault  system  and  a  repetition  of 
down-faulted  valleys.  .\t  i)resent  no  tidal  glaciers  in  .Maska  extend  far 
beyond  their  confining  walls  into  large  bodies  of  water,  but  the  ice  tongues 
that  filled  these  valleys  at  the  maximum  stage  of  glaciation  were  much 
larger  and  may  have  extemUtl  a  short  distance  into  the  sea.  The  sid)- 
marine  channels  that  are  definitely  known  to  be  due  to  stream  erosion  are 
either  narrow  gorges  or  very  wide  troughs  with  gentle  slopes.  There  are 
submarine  valleys  off  the  mouths  of  many  rivers  ahmg  the  eastern  coast  of 
North  .America.  The  submarine  gorges  of  the  Hudson  and  Delaware 
Rivers  are,  perhaps,  the  best  known.  The  former  is  deeper  than  the  ('ross 
Souiul  and  ('hatham  Strait  channels  but  is  much  narrower.  It  averages 
less  than  two  miles  in  width  and  nox^here  exceeds  four  miles.- 

The  wide,  steep-sided,  submarine  channels  of  southeastern  .Alaska,  their 
lM)sition  ofT  fiords  known  to  be  glaciated,  their  width  as  compared  with  the 

•  J.  W,  SiK-ncfr:  The  Submarine  (ireat  Canyon  of  the  Hudson  River.  .Xmrr.  Journ.  o/.sV«..  Ser.  4.  \'<)1.  i<j. 
'Ooj,  pp.  1-15. 


f 


586 


■Cliathiiin  Strait.  FiKurc  16  shows  the  fior<t  rxlrntlink*  a 
V  Survey. 
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tiorils,  their  resemblance  in  general  shape  to  known  glaciated  valleys— all 
suggest  that  they  are  channels  whose  form  was  determined  almost  entirely 
hy  glaciers.  The  Lynn  C'anal-Chatham  Strait  fiord  seems  to  continue 
across  the  continental  shelf  in  practically  the  same  manner  as  a  submerged, 
stream-er<Kle<l  valley  but  to  differ  in  form. 

Oru;in'  of  Fiords  hy  Gi..\ci.\l  Krosion 

BnK)ks  stated  in  i()02  that,  in  southeastern  .Alaska,  he  was  “strongly 
impressed  with  the  fact  that  ice  action  has  jilayed  a  very  important  part  in 
priKlucing  the  present  topographic  forms.”®  (iilbert  did  more  than  any 
one  else  to  establish  the  fact  that  glaciers  can  and  do  erode  Ik-Iow  st‘a  level.^ 
as  indeed  Muir  concluderl  from  observations  more  than  forty  years  ago.® 
(iannett  concluded  that  "from  Lynn  ('anal,  a  fiord  ninety  miles  in  length, 
there  have  been  carried  off  and  dumped  into  the  Pacific  more  than  2(K)  cubic 
miles  of  rock,  and  from  all  the  fiords  of  southeastern  .Alaska  the  amount 
removed  may  be  safely  estimated  at  thousands  of  cubic  miles.”®  Tarr 
made  more  specific  than  anyone  had  previously  done  the  results  of  faulting, 
rejuvenation,  sinking  of  the  land,  etc.,  showing  that  the  features  to  be  sc^en 
in  western  British  Columbia  and  southeastern  .Alaska  could  be  produced  by 
none  of  these  exclusively  but  that  glacial  erosion  has  been  the  main  factor.' 

More  recently,  however,  the  adequacy  of  ice  sculpture,  wholly  or  in  part, 
has  been  called  into  question  and  by  men  who  have  studiwl  the  fiords  of 
southeastern  .Alaska  from  the  coast  as  well  as  from  passing  ships.  F.  K. 
and  C.  \V.  Wright  seem  to  the  present  authors  to  give  a  disproiwrtionate 
emphasis  to  faulting  and  indeed  to  infer  a  major  fault  along  the  axis  of 
Lynn  Canal-Chatham  Strait  without  convincing  statements  of  evidence.® 
Still  more  recently  Knopf  has  described  a  part  of  Lynn  Canal  with  a  hesi¬ 
tancy  alx)Ut  the  effectiveness  of  the  glacial  erosion  which  seems  to  us  un¬ 
warranted.*  (irant  and  Higgins,'”  working  in  Prince  William  Sound  several 
hundred  miles  to  the  northwest  and  recognizing  glacial  erosion  in  general, 
have  seenuHl  to  find  it  necessary  in  one  case  to  infer  postglacial  sinking  of 

•A.  H.  Brooks:  Preliminan'  Report  on  the  Ketchikan  Mining  District,  Alaska,  with  an  Introductory 
Sketch  of  the  Geology  of  Southeastern  .Alaska,  V.  S.  Geol.  Surrey  Professional  Paper  /.  1902.  p.  .tj. 

•G.  K.  Gilbert:  Alaska:  Glaciers  and  Glaciation  (Harriman  .Alaska  Expedition.  Vol.  .tl.  New  York.  1Q04. 
pp.  156.  159.  and  217. 

‘John  Muir:  The  Mountains  of  California,  New  A'ork,  1894,  pp.  24-26. 

Idem:  Notes  on  the  Pacific  Coast  Glaciers,  in  ‘‘.Alaska:  Narrative,  (ilaciers.  Natives."  by  John  Kurroughs, 
John  Muir,  and  G.  B.  Grinneli  (Harriman  .Alaska  Expedition.  Vol.  i).  New  A’ork.  1902.  pp.  1  i9-i.t5:  reference 
on  pp.  128-129. 

Idem:  Travels  in  .Alaska,  Boston  and  New  A'ork,  1915,  p.  17. 

•Henry  Gannett:  General  tieography  in  ‘‘.Alaska:  History,  Geography.  Resources.”  by  W.  H.  Dali  and 
others  (Harriman  Alaska  Expedition.  A’ol.  2).  New  A’ork,  1902,  pp.  257-277;  reference  on  p.  259- 

'  R.  S.  Tarr:  Glacial  Erosion  in  .Alaska,  Popular  Set.  Monthly,  Vol.  70.  1907.  pp.  19- 

•F  E.  and  C.  AV.  AVright:  The  Ketchikan  and  AA’rangell  Mining  Districts.  .Alaska.  I’.  S.  Geol.  Surrey 
Bull.  34~,  1908,  p.  22. 

•  Knopf,  op.  ett;  p.  13. 

*•  U.  S.  Grant  and  D.  F.  Higgins:  Reconnaissance  of  the  Geology  and  Mineral  Resources  of  Prince  AA’illiam 
Sound.  .Alaska,  U.  S.  Geol.  Surrey  Bull.  44J,  i9>o,  p.  16 

Idem:  Coastal  Glaciers  of  Prince  AA’illiam  Sound  and  Kenai  Peninsula.  Alaska,  I’.  S.  Geol.  Surrey  Bull.  526, 
'913. P  72. 
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till*  land  and  in  anotluT  to  infiT  jirahcn  faulting  in  order  to  explain  eeriain 
Itroad  eliannels,  submerged  han^in^  valleys,  and  straight  stretches  of  fiord 
which  a|)pear  to  a  larj>er  lunnher  of  other  competent  observers  to  reciuire 
no  >nch  coniplicati<m‘^."  It  has  even  been  sii^j;ested  that  the  han>;inj> 
\alleys  in  the  fiords  between  I'rince  Rupert  and  \’ancou\er,  R.  are  not 
due  to  filacial  erosion.'-  Lastly  a  b«K)k  on  fiords  has  been  pid)lishi*d  l»v 
('■re^ory  who  believes  all  fiords  to  be  due  to  earth  movements  (faultinj’ 
d'he  Alaskan  section  of  the  b<M»k  by  the  last-nami'd  author  contains  nianv 
misstatements  and  erroneous  conclusions.  Figure  54  (p.  2i)T,),  for  example, 
represents  the  coast  of  the  .Alaska  Peninsula  west  of  .Afojjnak  and  Kjxli.ik 
Ulands  as  a  " non-^laciated  coast  with  fiords.”  .As  a  matter  of  fact.  thi> 
coast  has  man\'  fair-si/.ed  ice  tongues,  as  the  senior  author  of  this  pajier 
obser\i-d  when  he  visitixl  it  in  H)(>4.  During  the  maximum  of  theCdacial 
IVri(Kl  it  had  much  larjjer  ice  tongues,  jjlaciers  capable  of  accounting;  for 
all  the  fiords  tluTe  present.  The  s;mie  maj)  erroneously  shows  as  ”f;laciati“d 
coasts  without  fiords”  the  region  between  Prince  William  Sound  and 
Cross  Sound,  alluding;  to  it  in  several  places  in  the  text  as  “a  lonj;  even 
coast  broken  only  by  A’akutat  Ray.”  Here,  however,  most  American 
physiographers  believe  fiord  making  b\4;lacial  erosion  to  be  still  in  prog- 
res>.  Here,  moreover,  are  many  fiords,  for  we  must  include  under  the 
name  fiord  not  only  arms  of  the  sea  but  («)  troufjhs  which  the  sea  will  fill 
when  presiMit  glaciers  retreat  and  ih)  former  arms  of  the  sea  partly  obsciirt-d 
by  i>lacial  and  ulacio-fluviatile  deposits.  (iref;ory  completely  overkniks: 

I  l)  Lituya  Ray,  one  of  the  finest  fiords  in  the  world;  (2)  the  fiords  north¬ 
west  of  it  near  Cajte  Fairweather;  the  fiords  srnitheast  of  Lituya  Ray 
at  La  Perouse  (ilacier,  in  lM)th  the  latter  cases  still  brimming  with  glacier 
ice;  (4)  .Alsi‘k  Canyon,  where  the  mouth  of  a  great  fiord  is  fillerl  with  living 
glaciers  and  their  outwash  deposits;  (5)  troughs  at  Malaspina  (ilacier, 
w  hose  piedmont  ice  mass  and  tributary  glaciers  possibly  conceal  two  fiords 
e<jual  to  A'akutat  Ray  in  extent,  which  may  be  reveaUxl  at  the  next  glacier 
minimum,  to  si^y  nothing  of  smaller  fiords;  (6)  troughs  at  Rering  (ilacier 
w  here  a  similar  condition  may  e.xist ;  (7)  ('opper  River  Canyon,  w  here  a 
great  fiord  is  partly  filled  with  de|M)sits  of  glacial  outwash.  The  present 
<K'cu|)ation  of  these  fiords  and  canyons  by  active  glaciers  and  their  dejxisits 
is  an  argument  for  rather  than  against  the  glacial  molding  and  excavation 
of  the  valleys  along  this  coast. 

R.  S.  Tarr  was  entirely  convinccxl  that  glacial  erosion  was  far  more  ini- 
|H>rtant  than  faulting  in  making  the  topographic  forms  at  A’akutat  R.iy 
and  Russell  Fiord,  (iregory  has  no  right  to  say  that  “Tarr  and  Martin’s 
memoir  shows  that  the  formation  of  fiord-valleys  by  trough-faulting  is 
still  in  progress  in  .Alaska.”**  We  seriously  cpiestion  the  propriety  of 

*•  K.  C.  Schraclpr  and  C.  Siicncfr;  Copiwr  Rivrr  Dirtricl,  .Maska.  jO/k  Cungr.,  jhJ  Sess.,  House  of  Kefe. 
Poe.  .S46,  Wadiington.  1901.  p.  82. 

>*l  omple  Rendu  Congers  litol  InternaU.  XII.  Ottawa.  1914.  p.  1027. 

**  J.  W.  Gregory:  The  Nature  and  Origin  of  Fiords.  London,  iqi.t. 

'♦  Gregory,  op.  cm.,  p.  309. 
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( '■rt'^ory’s  statement  that  ‘‘in  a  later  memoir  Tarr  attachi*<l  less  importance 
to  jjlaeial  action.”  In  the  memoir  referred  to,  Tarr  afhrnu'd  his  own  [ire- 
vious  statements  about  glacial  erosion  most  strongly. 

(iregor>’s  (piotation  from  John  Burroughs  (p.  3.21)  appears  unfortunate 
to  us,  for  he  overlooks  the  fact  that  Burroughs  was  describing  scener\-  rather 
than  structure  when  he  sjiid:  ‘‘The  wlgc  of  this  part  of  the  continent  for  a 
thousitnd  miles  has  lu'cm  broken  into  fragments,  small  and  great,  as  by  the 
stroke  of  some  earth-cracking  hammer.”  He  certainly  did  not  mean  this 
to  be  interpretiHl  literally  as  evidence  of  his  belief  in  the  making  of  the 
fiords  by  some  te<'tonic  force,  as  (iregory  implies,  any  more  than  Muir 
meant  that  the  fiords  had  Ikhui  made  with  an  embroidery  needle  when  he 
siiid:  ‘‘It  is  a  web  of  land  and  water  thirty  or  forty  miles  wide,  and  alxuit 
a  thousiind  miles  long,  outspread  like  embroidery  along  the  margin  of  the 
continent.”** 

(iregory  has  printetl  authority  in  S|KMicer  for  his  view  that  the  hanging 
valleys  along  Copper  River  are  due  to  faulting,  and  in  Spurr  for  errors 
regarding  the  Alaska  Peninsula.  It  is  difficult  to  know  why  (iregory  fp. 
^V>5)  liK-atwl  the  Nizina  District  in  Prince  William  Sound,  when  it  is  nearlv 
150  miles  inland  beyond  a  great  mountain  range.  There  seems  no  warrant 
for  the  view  that  the  evidence  of  slightly  larger  ice  masses  in  Seward  Penin¬ 
sula  (pp.  21)4-297  and  317)  makes  the  fiordless  American  coast  of  Bering 
Sea  a  ‘‘glaciatwl  coast  without  fiords.”  The  authors  cannot  follow  the 
rea.soning  that  concludes  (p.  318)  that  absence  of  fiords  at  right  angles  to 
the  coast  (“radial”)  in  southeastern  Alaska  and  British  ('olumbia  proves 
that  “the  development  of  the  fiords  apiK‘ars  quite  inde|H*ndent  of  the  glacia¬ 
tion  of  the  country,”  or  that  the  general  plan  and  detailwl  topography  “are 
alike  inexplicable  on  the  view  that  their  plan  was  due  to  river  or  glacial 
erosion.”  We  deny  (iregory’s  statement  (p.  319)  that  “in  Alaska  lakes  are 
abundant  in  the  non-glaciatinl  areas  as  well  as  in  the  glaciated.”  We  cannot 
agree  with  the  generalization  (p.  317)  that  “the  distribution  of  fiords  in 
.■\laska  does  not  coincide  with  the  distribution  of  glacial  activity.”  We 
regret  (iregory’s  dictum  (p.  30(1)  that  if  there  were  fiords  along  the  coast 
lH.‘tween  Prince  William  Siund  and  C'ross  Sound  “their  ends  should  already 
have  iH'en  unmasked,”  for  we  know  of  many  troughs  there  that  we  should 
call  fiords,  to  say  nothing  of  the  well-known  fiord  at  Lituya  Bay  already 
alluded  to.  Because'  of  such  errors,  ujmiii  which  (iregory  has  based  imjxir- 
tant  ('onclusions,  and  iK'e'ause'  of  many  frank  differenc'es  of  interpretation, 
not  enlargenl  upon  here,  we  cannot  accept  (iregory’s  e'onclusion  (p.  324) 
that  the  Alaskan  fiords  “apjK'ar  to  be  of  tectonic  rather  than  of  glacial 
origin.” 

The  present  paix'r  is,  therefore,  written  in  supjxirt  of  the  original  con¬ 
tention  of  Muir,  Br<K)ks,  (iilln'rt,  (iannett,  Tarr,  and  otht'rs.  It  is  base'd 

“  R.  S.  Tarr:  The  Yakutal  Bay  Retcion.  .Maska,  Phyaiography  and  Glacial  Geology.  U.  -S’.  Gfol.  Surrry 
I'roftsstonal  Pafxf  64,  i<»oq.  pp.  116-119. 

■•John  Muir:  .\laska.  Amer.  lifoiotisi,  Vol.  11.  1S93.  pp.  *87-299;  reference  on  p.  287. 


Figs,  and  21 — HanKinK  valleys  in  the  I-ynn  ('anal-Chaiham  Strait  system.  Figure  20  is  in  the  n<»nhern 
part  of  Glacier  Bay;  Kiaure  21  near  Skaa^'ay.  Such  f«>rms  are  evidence  for  the  conclusion  that  alacial  erosion 
rather  than  faultina  or  sinkina  of  the  land  has  orraluced  the  present  fiord. 


Klb.  21 
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ii|M)ii  fu-ld  work  on  short*  in  lAiin  Canal-Chatham  Strait  as  in  the  ca'.  (»f 
the  work  of  the  Wrights  and  Knopf,  in  Prinee  William  Stnnd,  as  in  the 


I'K..  — Map  slidwinK  a  oubmarinr  lianRing  valley  at  the  junction  ol  Frederick  S>untl  with 

t' hat  ham  Strait.  The  valley  hangs  iioo  feet.  Note  also  the  submarine  valley  of  Warm  Spring 
Bay  lianRinK  I7<k>  fr-r-t.  Based  uiMm  ("hart  8250.  I".  S.  Coast  and  C.r'odetic  Survey. 


case  of  ('irant  and  Hinjjins,  and  in  (ilacier  Bay.  Lynn  ('anal,  and  Vakutat 
B.iy.  as  in  the  case  of  ( lilhert.  (iannett.  Muir.  Tarr.  and  others.  It  is  basttl 
also  vnK>n  a  more  detaik*d  study  than  has  lH“en  made  lK*fore  of  the  portions 
of  Lynn  ('anal-Chatham  Strait  1h*1ow  st‘a  level.  'Fhe  maps  and  cross  sec- 
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ii<>.  >  hen-  presfiited  st-cm  to  us  to  furnish  clear  evidence  that  the  form  of 
l.N.iU  ('anal-(  hathain  Strait  is  due  to  glacial  erosion.  The  junior  author 
ha-  ilrawn  suhinarine  contours  on  all  available  charts  of  the  fiords  of  south- 
ea-lern  .\laska,  uiion  the  basis  of  the  soundings  published  bv  the  1’.  S. 
('oa-t  and  (iecnletic  Survey.  This  contouring;  has  been  done  upon  maps  on 
H'ah’S' “1  i:H().(kk)  in  some  cases  and  i:2(K).(hh)  in  others.  I'hese  submarine 
contours  we  have  compared  with  the  contours  above  sea  level  on  all  the 
existinj;  maps  of  the  International  Boundary  Survey  and  the  T.  S.  (ieo- 
lo^ical  Survey  for  this  region,  so  that  the  maps  and  the  cross  sections  here 
presented  constitute  only  a  small  portion  of  the  material  studied  b\  us.'' 
Oiir  several  seasons  of  obsi-rvations  in  the  held  lead  us  tit  the  same  con¬ 
clusion  sunRcsted  by  the  map  study,  namely  that  faulting,  stream  erosion, 
and  sinking:  of  the  land  have  played  a  subordinate  role  in  the  priHluction  of 
Mich  an  arm  of  the  sea  as  I.ynn  ('anal-('hatham  Strait,  where  we  believe 
that  the  major  forms,  below  as  well  as  above  st‘a  level,  are  due  to  glacial 
erosion. 


TitF  DlRKl  TION  OF  It  K  MoVKMKNT 

The  I.ynn  ('anal-Chatham  Strait  hord,  whose  main  channel  now  con¬ 
tains  no  tidewater  glaciers,  was  brimful  of  ice  at  the  maximum  of  glaciation 
in  .\laska.  The  ice  tongues  of  (ilacier  Bay,  'Paku  Inlet,  and  other  tributarx 
tiords  are  shrunken  representatives  of  the  I.ynn  ('anal  ice  stream.  It  was 

!■  f.  S.  CoaM  anil  ('■iiKti-tic  Survey  Charts  H.vki  and  8iv>  show  the  whole  lenRth  of  I.ynn  Canal-Chat  ham 
Strait  on  the  scale  of  i  ;  200,000;  for  its  eastern  branches  and  other  fiords  southward  to  Dixon  Kntrance  on  the 
same  scale  ssh-  Charts  8200  and  8102;  for  more  detailed  charts  of  southern  I.ynn  Canal  and  its  western  branch. 
Icy  Strait -Cross  Smnd,  see  Charts  8.v>3.  8.v>2.  and  8.v»4  on  the  scale  of  1  ;  8o.<Kxr,  for  the  coast  of  the  Pacific 
IKi-an  from  Chatham  Strait  to  Dixon  Kntrance  srf  Chart  8152  on  the  scale  of  i  :  22<),o<s);  for  Glacier  Kay.  the 
northern  extension  of  Icy  Strait,  si-e  Chart  8.vil>  on  the  scale  of  ■  :  160.1x10;  for  the  mouths  of  the  Chatham 
Strait.  Cross  Siund.  and  Dixon  Kntrance  fiords  on  the  continental  shelf  sr-e  Chart  81x12;  for  some  of  the  smaller 
submarine  lianRinR  valleys  si-e  harbor  charts  8242  and  8246.  Chart  8<xi2 — Dixon  Kntrance  to  St.  Klias  -shows 
tile  whole  fiord  system  from  southeastern  .\laska  to  the  Copper  River.  Chart  .4080 — Northwest  Coast  of 
.America  and  Inland  Passages— shows  the  fiords  from  Ml.  St.  Klias  through  I.ynn  Canal,  southeastern  .Maska. 
and  British  Columbia  to  Puget  Sound,  Washington,  on  the  scale  1  ;  1, 21x1,000. 

There  are  other  government  maps  as  follows:  f.  5.  CeclogUal  Surrry:  "Juneau  Sixvial  Map."  scale 
I  ;  62..VX1,  contour  interval  100  feet,  1004;  "Kagle  River  Region."  scale  1  ;  62..SCX1.  contour  interval  50  feet, 
mir;  "Juneau  Gold  B«-lt.”  scale  1  :  2.so.<xxi.  contour  interval  250  fi-et,  i»>o.'S;  "  B«‘rners  Bay  Special  Map," 
scale  I  :  62.300.  contour  interval  .so  feel.  iix)8;  "Juneau  and  Vicinity."  scale  i  :  24.o<xi.  contour  interval  .so 
feet,  1918;  "Copper  Mountain  and  X’icinity."  scale  1  :  62..S00,  contour  interval  too  feet,  i<>o8;  “  Kasaan  Penin¬ 
sula,"  scale  I  :  62..VX1.  contour  interval  50  feet,  11)1.3;  Alaskan  Houndary  Tribunal  and  Intfrnational  Houndary 
i  "mmissiou:  ".Atlas  of  .\ward.  2.3  sectional  matis  and  index  map  showing  the  line  fixed  by  the  Tribunal." 
sheets  10.  11,  12.  i.t,  14.  1.3.  16.  16a.  17.  18.  ■<),  scale  1  :  i6;i.cxxi,  contour  interval  ,30  feel,  published  as  Srnatf 
Ihx.  Xo.  162.  s>!lh  ConKr..  2nd  .Sess..  Washington.  1004;  "International  Boundary  Ix'tween  the  fnitr-d  Stales 
and  Canada  from  Caix-  Muzon  to  Ml.  St.  Klias."  sheets  6.  7,  8,  q.  10.  scale  ■  :  2.30.1XX1,  contour  interval  2.30 
fret,  iq22-  1024.  eventually  to  lx-  publishetl  in  an  atlas  of  13  sheets;  Alaska  Road  (  iimiiiis.ri<iH;  “  Map  <if  .Maska. 
ixejiared  by  the  .\merican  (ieographical  S«x.'iety  for  the  .Maska  Road  Commission,  and  publislwd  jointly,  igz.t," 
scale  I  :  i,230.ikhi.  contour  interval  uxxi  feet;  f.  .S'.  Forest  Service:  Tongass.  Sheet  1,  scale  approximately 
I  :  .3<xi.iKKi.  contour  interval  itxxi  feet;  for  forest  and  water-ixiwer  maps  showing  glaciated  details  of  (larls  of 
the  fiord  walls  and  tributary  land  valleys  with  contours  sec  the  following;  .Xilmiralty  Island,  scale  1  :  6.t.,36<»; 
Craters.  Long,  and  Tease  I.akes.  scale  1  inch  to  2<xxj  feel;  Reku  Strait,  scale  2  inches  to  i  mile;  Kast  Coast 
Baranof  Island,  scale  2  inches  to  1  mile;  Suloia  Lake,  scale  1  inch  to  1.300  feet;  Port  Snettisham.  scale  2  inches 
to  I  mile;  Windham  Bay,  scale  2  inches  to  1  mile;  Silver  Bay.  scale  1  inch  to  i.3<x)  feet.  (Certain  of  these  maps 
are  available  t)nly  as  black  and  white  proof  sheets.) 

.\  geological  mail  of  ibe  wluile  inner  fiord  system  of  the  Canadian  Ciiast  Range  from  Skagway  to  Dixon 
Kntrance.  on  the  scale  of  1:2.30,000.  may  be  made  by  putting  together  Plate  37  in  Six-ncer's  Bulletin  287  and 
Plates  2  and  3  in  the  Wright's  Bulletin  347. 
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a  valley  glacier  250  to  3(K)  miles  long  and  8  to  25  miles  wide  througliout 
most  of  its  extent.  .\t  the  Ho<k1  stage  of  glaciation  it  must  have  iK'en 
to  tKKK)  feet  in  thickness,  as  is  shown  by  the  height  at  which  till,  striae, 
and  erratics  are  found  on  the  fiord  walls,  combiiu'd  with  the  depth  of  water 
in  the  fiord.  The  tributary  fiords  were  comjdetely  filltHl  with  Howing  ice. 

'Pile  direction  of  ice  movement  coincidt'd  generally  with  the  trend  of  the 
present  fiords,  st)  far  as  striae  have  lK*en  observt*<l.  The  distribution  of 
erratics  from  the  igneous  mass  of  the  Coast  Range  batholite  supports 
this  conclusion  of  southward  and  southwestward-moving  ice  tongues. 
'I'his  suggests  that  the  ice  was  guided  initially  by  preglacial  valleys.  The 
even  sky  line  and  the  complex  rock  structures  on  the  fiord  walls  ami  in 
the  islands  suggest  that  the  preglacial  drainage  may  have  been  inherited 
from  a  prexious  cycle  when  the  mountains  were  reduced  to  a  peneplain. 
The  trend  of  Lynn  ('anal-Chatham  Strait  is  diagonal  to  the  strike  of  the 
setlimentary  rocks.  This  may  lx*  caused  by  faulting,  as  discussed  later,  or  it 
may  mean  that  the  fiord  is  the  glacially-enlarged  valley  of  a  rejuvenatwl 
preglacial  stream  that  acquirt*d  this  course  as  a  result  of  the  uplift  and 
tilting  of  an  ancient  ix*neplain.  The  minor  topographic  features,  on  the 
other  hand,  are  directly  relatt*<l  to  the  rock  formations.  Weak  rock  under¬ 
lies  many  of  the  bays  and  tributary  fiords.  Resistant  rock  forms  the 
IH'tiinsulas  and  islands. 


Tin:  Rrii.K  OF  Lai  LTING 

Faulting  may  very  well  have  jdayed  a  part  in  the  formation  of  the  fiords. 
If  it  di<l.  the  authors’  view  is  that  it  was  a  minor  part.  The  most  striking 
suggestion  of  faulting  is  the  length  and  straightness  of  Lynn  C'anal-('hathani 
Strait.  It  would  be  unusual  if  a  river  had  acquire*!!  so  direct  a  course  for 
250  mile's  as  a  re'sult  e)f  mere  tilting  of  a  pene*plain.  The  straight  fieml  is  not 
elue  te)  any  erne  stratum  e)f  weak  rex'k,  fex  it  cuts  at  an  angle  e)f  about  30° 
across  the  strike  e)f  the  se*elimentary  anel  metamorphic  reK'ks  anel  the  igneous 
masses  whie'h  intruele  them.  Faulting  is  a  natural  t'xplanatiem  e)f  the 
straightness  eif  Lynn  ('anal-Chatham  Strait.  Our  view,  heiwever,  is  that, 
if  there  is  a  fault  line  or  shatter  belt  here,  it  mere'ly  eletermineel  the  dirt'ction 
e)f  the  fiexel.  Its  fonn  aleme — preifile  anel  se*ctions — shejws  clearly  that  it 
is  ne)t  a  rift  valle*y  maele  by  faulting.  Faulting,  as  it  se'e*ms  to  us,  may  have 
merely  preiviele*!!  a  ze)ne  eif  shattere*el  and  weak  rock  which  guieleel  the  pre¬ 
glacial  river  anel  the  ice  stream  e)f  the  (ilacial  Feriexl.  The  abst*nce  of  rift 
faulting  is  Ix'st  pre)ve*el  by  the  absence  of  faults  in  the  tributary  fiorels,  where 
the  pat  tern  anel  cross  section  are  ielentie'al.  Nexelenskjeilel  lemg  ago  suggeste*!! 
that  the  joint  systems  in  Lynn  Canal  agrt*e*  in  elirectie)n  with  the  trend  ol 
the  tiorel,  though  he  eliel  not  imply  that  the  fie)rel  was  not  e)f  glacial  origin. 

The  Wrights  anel  e)ther  we)rkers  in  the  area  may  have  hael  this  cone'eptieui 
of  the  reMe  of  faulting,  that  the  te>jx)graphic  form  was  ne)t  maele  by  faulting, 
but  that  faulting  merely  pre)vieleel  a  long,  narrow  strip  e)f  weak  rex'k.  1  he 
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4l)M  lice  of  six'citic  statements  to  that  effect  apixars  to  have  misled  students, 
especially  (irejiory,  who  have  never  visittnl  the  rejjion. 

Ahsknck  of  KviDFXt  F  OF  Drowninc.  of  \  ai.lkys 

There  was  a  time  when  the  very  presence  of  fiords  was  taken  as  indnhi- 
tahle  proof  of  sinkinjt.  This  was  because  the  conception  of  jjlacial  erosion, 
lH'lt)w  sea  level  as  well  as  al)o\e  sea  level,  had  not  >  et  been  established.  The 
fiords  of  southeastern  Alaska  present  no  conclusive  evidence  of  snltmergence 
of  the  land.  The  plan  and  the  jirofiles  of  the  present  fiords  are  distinctly 
different  from  what  would  be  made  by  the  drowning  of  normal  (noil-gla¬ 
ciated)  stream  valleys.  They  are  typical  of  s^in''iilly-o\ erdeepened  and 
widened  valleys  or  of  snbmerjjed  glaciated  valleys;  but  sinking  of  the  land 
is  not  a  necessitry  factor  in  their  formation.  If  it  were  argued  that  the 
bynn  (  anal-C'hatham  Strait  fiord  involved  sinking  of  the  land  without 
submarine  glacial  erosion,  then  it  would  be  necessary  to  assume  that  the 
land  had  been  snbmergt'd  after  having  been  nearly  .vxx>  foot  higher,  for 
(  hatham  Strait  is  at  least  2<)(X)  feet  deep.  Differential  warping  of  ^(hk)  feet 
si*enis  improbal)le  in  view  of  the  lack  of  warping  of  the  upland  surface.  Our 
view  is  that  there  is  no  evidence  of  and  no  necessity  whatever  for  invoking 
submergence.  The  pattern  and  form  of  the  fiords,  save  for  straightness 
alone,  are  those  of  glacial  erosion.  As  the  ice  tongues  melted  back,  the 
waters  of  the  sea,  according  to  our  view,  came  in  and  occupied  the  fiords 
without  sinking  of  the  land.  This  is  just  what  happened  in  (ilacier  Bay 
U-tween  17P4  and  1924,  when  a  fiord  more  than  60  miles  long  was  revealed 
hy  the  recession  of  (irand  Pacific  (ilacier,  Muir  (ilacier,  and  adjacent  ice 
tongues.  Muir  stated  this  very  well  in  1894,  referring  to  all  the  fiords  of 
southeastern  Alaska;  “The  intricate  labyrinth  of  canals,  channels,  straits, 
passages,  sounds,  narrows,  etc.,  between  the  islands,  and  extending  into 
the  mainland,  of  course  manifest  in  their  forms  and  trends  and  general 
characteristics  the  siune  subordination  to  the  grinding  action  of  universjil 
glaciation  as  to  their  origin,  and  differ  from  the  islands  and  banks  of  the 
fiords  only  in  being  portions  of  the  pre-glacial  margin  of  the  continent  more 
deeply  enxled,  and  therefore  covered  by  the  ocean  waters  which  flowed  into 
them  as  the  ice  was  melted  out  of  them.”'*  (lilbert,  however,  concluded 
on  other  grounds  that  the  preglacial  stream  valley  in  Lynn  ('anal  may 
have  lx‘en  slightly  below  present  sea  level,  being  relatwl  to  a  lower  base 
level.  He  conceived  the  glacial  degradation  as  ix)ssibly  averaging  more  than 
KKX)  feet  but  concluded  that  “the  existence  of  a  fiord  ...  is  not 
«lemonstrative  of  a  relatively  low  base-level  at  the  time  of  its  excavation."'* 
Tplift  is  certainly  the  latest  known  movement.  This  is  established  by 
the  presence  of  shells  of  marine  animals  of  Pleistocene  age  in  deposits  (l) 
on  Pyramid  Island,  ('hilkat  Inlet,  (2)  on  Lynn  ('anal  near  Kagle  River,  (.4) 


**  Muir.  Mountains  of  California,  pp.  24-26. 
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at  C.astiiu'au  ('hanin*l  near  Juneau,  (4)  near  Portlaml  ('anal  east  (»f  I  )i\oii 
Kntranee,  and  (5)  throu^jhout  the  ('anadian  rtords  to  the  south.  The  fo-dK 
have  heen  ol)serve<l  i>y  Krause,-"  Dali,-*  Kn«)pf,"  I  )awson,^'*  McC'onin  II,-' 
and  others.  I'he  fossiliferous  de|)osits  on  Pyramid  Island  are  a  little  o\ir 
tx)  feet  al>ove  st*a  level.  Those  near  Lynn  ('anal  at  Kagle  River  and  Juiumu 
are  at  elevations  of  kh)  to  ’tx)  feet.  They  demonstrate  that  one  of  the  lali  >i. 
if  not  the  last,  earth  movement  here  was  an  uplift  of  (x)  to  2(k>  feet.  TIh- 
marine  de|X)sits  near  l*(»rtlan<l  ('anal  at  the  southern  border  of  .Alaska  prove 
the  uplift  there  to  have  been  nearly  5(k>  feet.  Portland  (  anal  is  ,vh)  mile> 
southeast  of  Pyramid  Island.  Thus  it  appears  that  there  was  liltinj;  <lurinj; 
the  uplift,  amounting  to  a  f(K)t  or  two  per  mile,  d'here  was  also  ui)lift  for 
at  least  .vk)  miles  to  the  south,-'  as  in  the  Dneen  (  harlotte  Islands,  at  and 
near  Texada  Island,-®  and  on  X'aneouver  Island.-^ 

There  are  no  facts  that  appear  c<»nclusively  to  disprove  sinkinji  of  tin- 
land  in  the  fiords  of  southeastern  .Alaska  and  western  British  ('olumhia. 

( )n  the  other  hand,  there  is  nothing  in  the  situation  that  siiji^jests  or  re(|uires 
it.  .\s  the  evidence  clearly  proves  a  very  recent  and  widespread  uplift,  it 
seems  most  natural  to  assume  that  this  was  not  only  the  latest  moxement 
but  also  the  only  fxistjilacial  movement  of  the  coast. 

We  conclude  that  Lynn  ('anal-('hatham  Strait  is  a  fiord  in  which  j^lacial 
erosion,  rather  than  faulting  or  normal  preglacial  stream  erosion,  has  Inm 
the  main  agency  and  that  sinking  of  the  land  is  not  an  essential  factor,  if 
indeed  submergence  has  taken  place  at  all. 

“A.  Kr.iiisf:  Das  CliiUat-lrt-bifl  in  Alaska,  Zrilsihr.  Oestll.  fur  tirdkuude  zu  Hfrlin,  Vol.  i«.  isxj.  id'. 
,?44-,^6S;  rfforenc*-  on  p.  .454. 

f  W.  H.  Dali:  Neozoic  Invertebrate  Fossils,  in  ‘‘.Maska:  Geolosy  and  PaleontoloKy,"  by  H.  K.  Hnierson 
and  Others  (Harriman  .Alaska  FZxiH-dition.  Vol.  4),  New  York,  n)<>4.  i>p.  oo-irr;  reference  on  pp.  140- m. 

Knopf,  I)/).  (it.,  p.  ,4,4. 

s*  C,.  M.  Dawson:  .Additional  Ot>ser\-ations  on  the  Superficial  Geology  of  Kritish  Columbia  and  Adjacent 
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THE  TERRACES  OF  THE  LAKE  MELVILLE 
DISTRICT,  LABRADOR* 

liy  K.  M.  Kindi. K 
<  ieolojjical  Survey  of  Canada 


Labrador’s  recent  jjeolo^tical  history  has  been  recorded  on  the  bleak  tind 
barren  cliffs  of  the  eastern  coast  in  bold  and  lej^ible  characters.  No  fisher- 
niaii  can  fail  to  recojrnize  the  aiito.u:rai)h  of  the  sea  in  the  elevated  boulder 
In-aches  ami  terraces  of  sand  (Kij^.  i),  which  may  be  seen  in  many  places 
2(K)  K*et  or  more  alnive  the  present  sea  level  and  which  at  scores  of  localities 
l(K)k  almost  as  fresh  and  j)erfectly  preserved  as  those  now  being  built  by 
the  sea.  Beaches  of  glacial  boulders  such  as  justify  Packard’s  characteriza¬ 
tion  of  “a  truly  noble  beach”  occur  all  the  way  from  Hamilton  Inlet  to 
the  western  end  of  the  Strait  of  Belle  Isle,  where  TwenhofeP  observed  at 
one  l(K'ality  eight  beaches,  the  highest  of  which  was  ^^50  feet  above  high 
tide.  Terraces,  however,  are  seen  in  their  best  development  along  the 
interior  waterways.  In  the  Hamilton  lidet  and  Lake  Melville  region  they 
run  inland  more  than  2(h)  miles  from  the  coast  along  the  hordlike  valleys 
and  rivers. 

Tkkkaci:  Buildim. 

In  some  localities  the  terraces  consist  of  a  series  of  great  steps,  the 
lowest  of  which  is  under  water.  Many  of  the  l)est  developed  occupy  the 
sides  of  stream  valleys  and  often  show  considerable  width.  None  of  them 
represtmt  the  work  of  “a  meandering  and  swinging  stream,  slowly  degrading 
a  previously  aggraded  valley;”-  neither  are  they  wave-cut  or  wave-built 
terraces.  They  have  been  formed  in  lakelike  expansions  of  river  valleys 
in  which  tidal  currents  were  the  chief  factors  in  the  movement  and  deposi¬ 
tion  of  the  sediments.  The  disjM)sition  of  the  lower  or  younger  terraces 
at  the  head  of  Mulligan  Bay,  Lake  Melville,  parallel  with  the  shore  line 
at  the  head  of  the  bay  and  at  right  angles  to  the  direction  of  the  river 
entering  it,  illustrates  the  entire  independence  of  river  activities.  Here  ten 
terraces  (Kcur  within  a  (juarter  mile  of  the  lake  shore  on  the  east  side  of 
the  river,  the  highest  lying  about  25  feet  alnive  the  lake. 

In  order  to  analyze  the  process  of  terrace  building  three  factors  may  be 
considered.  These  are  the  sediments  contributed  by  the  small  side  streams 
to  the  trunk  streams  of  the  wide  valleys,  the  tidal  currents,  and  the  river 

•  Published  with  the  ix-rmission  of  the  Director  of  the  GeoloKical  Survey  of  Canada.  The  writer’s  complete 
reixirt  on  the  reKion  will  be  published  under  the  title  "The  geouraphy  and  geology  of  the  Lake  Melville  Dis¬ 
trict.  Labrador  Peninsula.”  as  a  memoir  of  the  Geological  Survey  of  Canada. 

■  W.  H.  Twenhofel:  Physiography  of  Newfoundland.  Amfr.  Journ.  of  Hci.,  Ser.  4.  Vol.  33.  19IJ.  pp. 
i-)4;  reference  on  p.  72. 

*W.  M.  Davis;  River  Terraces  in  New  England.  BhU.  Museum  of  C«mp.  7.odl.  at  Harvard  CoUfte,  Vol.  38 
((»eol.  Ser.,  Vol.  5),  ic|€>2.  pp.  179-346;  reference  on  p.  284. 
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currents.  Much  of  the  sand  drops  to  the  l)ottom  near  the  small  vallev 
mouths,  where  the  current  vekxdty  is  rwluced  by  contact  with  a  lari>er 
stream,  and  moves  along  the  shore  chiefly  under  the  influence  of  tidal  cur¬ 
rents,  while  the  tine  sediment  of  the  tributaries  remains  long  in  susixiision 
and  has  a  corresjxindingly  wide  and  uniform  distribution.  Where  the  shore 
contours  have  been  most  favorable  to  early  checking  of  the  near  shore 
flood  currents  by  the  ebb  current,  terraces  have  lx*en  formed  if  an  abun¬ 
dant  supjdy  of  sand  was  available.  It  is  in  the  narrow  near-shore  zone, 
along  which  much  of  the  coarse  sediments  travel  and  where  the  reversal 


Kii;.  I — Sand  trrracrs  at  Moliak  Cove.  I.ake  Melville.  DiaKrammatic  oei  tinn  ot  lake  bottom  mud  and  sand 
terraces  at  the  riKht  of  the  picture  illustrate  the  contemporaneous  develoi)ment  of  mud  and  terrace  deiswits 
and  progressive  overlap  of  the  former  by  the  latter.  (This  and  the  following  figures  are  from  sketches  by 
Miles  and  L.  Kindle.) 

of  the  tidal  current  first  occurs,  that  most  of  the  sand  load  is  dropped  and 
the  broad  flat-topix*d  embankments  are  built  up.  “The  flo<xl  current 
generally  commences  to  run  up  the  sides  of  a  river  while  the  ebb  is  still 
running  down  in  the  center.”*  In  the  Narrows  at  Rigolet  the  tidal  cur¬ 
rents  attain  a  velocity  of  six  to  seven  knots  an  hour  in  mid-channel  at 
spring  tides  with  very  little  slack  water.  In  mid-channel  the  tidal  streani> 
run  three  and  a  half  hours  after  high  water  by  the  shore.  This  indicates 
the  relatively  long  jXTifKls  of  slack  water  along  favorably  Uxated  parts  of 
the  shore  where  the  tidal  current  sand  load  may  come  to  rest  during  most 
of  the  tidal  cycle. 

Terr.vces  of  Lake  Mklvh.i.e  and  the  B.\ckway 

The  complexities  of  current  behavior  result  often  in  the  building  of  a 
splendid  series  of  terraces  on  one  side  of  a  valley  and  none  at  all  on  the 
opposite  side.  This  has  (xcurrtxl  at  the  Narrows,  where  on  the  southeast 
side  a  scries  of  terraces  Ixirder  the  shore  while  the  northwest  shore  is  without 
a  single  terrace.  Throughout  most  of  the  late  Pleisttxene  and  recent  up¬ 
lift  of  the  region  a  deep  bight  has  characterized  the  southeast  shore.  So 
long  as  this  bight  jxTsisted  the  development  of  terraces  continued  as  a 

•  W.  U.  Wlirvler:  A  Practical  Manual  of  Tide*  and  Wave*.  lx>ndun.  igo6,  p.  96. 
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result  of  greatly  reduced  current  velocity  in  this  expandt'd  part  of  the 
Narrows.  Uplift  and  terrace  growth  have  now  reductxl  the  former  bight 
to  a  nearly  straight  shore  line  interruptetl  only  by  one  or  two  small  spits, 
and  terrace  building  is  at  an  eml  on  this  particular  stretch  of  shore.  I'he 
youngest  terrace  comes  to  the  edge  of  the  water,  but  a  rock  retf  lies  below 
the  surface  instead  of  a  growing  terrace  such  as  many  localities  show.  The 
highest  terrace  south  of  the  Narrows  rises  about  one  and  a  fourth  miles 
hack  from  the  shore  and  has  an  elevation  of  210  feet  above  high  tide  (Fig.  2). 

In  front  of  it  is  the  wide  top  of  the  next  lower  terrace,  which  is  partly  forested 
and  has  one  or  more  shallow  lakes  and  some  muskeg  on  its  approximately 
Hat  surface,  which  slopes  gently  toward  the  north.  The  front  of  this  » 

terrace  rises  gradually  from  20  feet  above  high  tide  at  the  mouth  of  a  br(M)k 
oj)jK)site  Rigolet  to  a  maximum  of  90  feet  some  two  miles  south.  'I'he 
face  of  this  90-foot  terrace,  as  it  is  followed  southwest  from  the  br(K)k 
mouth,  is  seen  to  split  up  into  smaller  terraces,  the  latest  of  which  approaches 
the  present  shore  line.  'Fen  of  these  small  terraces  are  recognizable  at 
one  |K)int.  Study  of  such  a  terrace  as  this,  where  a  single  terrace  face 
splits  into  several  minor  terraces,  should  dispel  the  inference,  suggestetl 
by  a  cursory  examination  of  stair-step  terraces,  that  minor  terraces  repre¬ 
sent  pauses  in  the  uplift  of  the  region.  Such  terraces  record  mcxlified  con¬ 
ditions  of  terrace  development  through  which  changes  in  depth,  shaix.*  of 
shore  line,  supply  of  material,  or  other  factors  have  initiated  a  new  terrace 
along  some  part  of  the  front  of  the  older  one. 

One  of  the  finest  and  most  instructive  sets  of  terraces  in  the  region  may 
1k‘  seen  at  Moliak  Cove  near  the  southwestern  end  of  the  Narrows.  Here, 
as  in  the  Narrows,  the  terraces  are  confined  to  one  side  of  the  valley. 

Beyond  the  head  of  the  bay  they  continue  inland  for  an  unknown  distance 
along  a  through  v'alley  now  occupieti  only  by  a  small  lake  and  br(X)k  (see 
Fig.  1).  At  this  locality  three  well  developed  terraces  rise  respectively 
12  feet,  120  feet,  and  310  feet  alxnx*  high  tide,  A  fourth  ix)orly  defined 
terrace  stands  at  about  20  feet.  fifth,  the  youngest  of  this  series,  is  now 
l)eing  built  just  Ixdow  or  partly'  below  low  tide.  It  extends  out  from  the 
f(X)t  of  the  first  subaerial  terrace  from  10  to  75  yards  and  then  descends  to 
deep  water  and  mud  bottom  with  the  same  steep  grade  as  the  fossil  ter¬ 
races  inshore  from  it. 

Underwater  terraces  are  now  forming  along  parts  of  the  Ix)ttom  of  the 
Hackway',  which  is  a  finger  lake  type  of  valley  closet!  st'awards  but  con- 
nt'Cted  with  Lake  Melville.  Most  of  the  terrace  building  along  the  Back- 
way  basin  has  taken  place  on  the  south  side  of  the  waterway.  Its  Ix'st 
development  is  seen  a  few  miles  below  the  entrance.  The  sketch  (Fig.  3) 
shows  at  this  locality  a  main  or  highest  terrace  rising  310  feet  T.  (aneroid) 
connecting  together  in  bar  fashion  two  Precambrian  hills.  Between  this 
major  terrace  and  the  shore  about  six  minor  terraces  are  recognizable. 

Some  of  these  are  nuxlified  by  sand  spits  developed  during  the  withdrawal 
of  the  sea. 


; — Sand  terrar<  n  conntH'tinR  hilU  of  PrcH-anibrian  n>ckH  on  the  wrjit  sidf  of  the  Hi 


TERRACES  OF  LAKE  MELVILLE  DISTRICT 


6oi 


111 


The  upper  end  of  the  Lake  Melville  basin,  known  as  Goose  Bay,  is  being 
rapidly  filled  with  sand  annually  poured  into  it  by  the  Hamilton  River 
during  the  flood  season.  Tidal  currents  distribute  the  sand  around  the 
margin  of  the  basin  as  it  is  received,  forming  a  continuous  subsurface 
terrace  shelf,  which  is  generally  from  one-half  to  two  fathoms  under  water 
and  from  one-quarter  to  two  miles  wide.  This  growing  terrace  surrounds 
a  basin  that  ranges  in  depth  from  8  to  34  fathoms.  In  case  the  present 
stage  of  emergence  is  maintained  for  a  long  ix'ricxl.  Goose  Bay  will  l>e 
filled  to  a  level  sand  plain  with  the  Hamilton  River  flowing  through  the 
middle  and  joining  the  lake  some  15  miles  to  the  eastward  of  the  present 
mouth,  .^t  the  eastern  end  of  C'loose  Bay  the  i6,ooo-foot  passage  into 
Lake  Melville  has  already  been  largely  closed  by  the  encroaching  under¬ 
water  terraces,  which  now  leave  a  channel  only  alx)ut  half  a  mile  wide  and 
two  and  a  half  miles  long.  In  case  emergence  continues  as  it  has  during 
late  Pleistocene  times,  the  building  of  a  series  of  terraces  will  accompany 
the  extinction  of  Goose  Bay. 

River  V.\lli:y  Terraces 

In  the  river  valleys,  as  a  result  of  elevation  of  the  land  and  the  retreat 
of  the  lakelike  tongues  of  the  sea,  terrace  building  is  at  an  end.  But  the 
great  fossil  terraces  rising  often  200  feet  or  more  alK)ve  the  rivers  remain. 
.Mong  the  valleys  of  the  Naskaupi  and  its  western  tributarx’,  the  Red 
River,  terraces  are  splendidly  developed  in  places.  A  short  distance  alx)ve 
the  mouth  of  the  Naskaupi  a  mid-valley,  or  island,  terrace  area  has  devel- 
ojxd  as  a  result  of  the  junction  of  the  Little  River  and  Naskaupi  River 
valleys.  Four  terraces  mark  this  island,  rising  above  low  water  in  the 
river  8,  58,  78,  and  103  feet.  .Another  great  sand  terrace  rises  just  alx)ve 
the  junction  of  the  Red  and  Naskaupi  valleys  with  an  elevation  of  200 
feet  above  the  rivers. 

The  highest  terrace  observed  at  a  considerable  distance  from  the  coast 
was  seen  west  of  the  Naskaupi  a  few'  miles  up  the  Reti  River,  where  the 
terrace  top  rises  280  feet  alxjve  the  river.  If  allowance  is  made  for  the 
grade  of  the  river  valley  this  figure  is  very  close  to  the  elevation  of  the  one 
at  Moliak  Cove. 


Significance  of  the  Terraces 

The  conditions  that  have  been  shown  to  control  the  development  of 
terraces  in  this  region  are  local  in  character.  Consequently  the  correlation 
of  terraces  other  than  those  representing  the  maximum  submergence  is 
impracticable.  Terraces  formed  at  different  stages  of  uplift  represent  only 
terrace  conditions  that  appear  and  disappear  in  conformity  with  certain 
tojKtgraphic  adjustments  to  the  water  level. 

The  two  maximum  terrace  measurements  (aneroid)  made  in  the  region 
are  l)oth  recorded  at  310  feet.  It  is  probable  that  the  maximum  submer- 
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gence  did  not  exceed  this  figure  more  than  15  feet,  so  that  325  feet  may  be  H 
considered  a  close  approximation  to  the  maximum  submergence  expe-  B 
rienced  by  this  region  during  Pleistocene  times.  This  figure  is  a  little  B 
higher  than  Daly’s  estimate*  of  the  maximum  amount  of  the  emergence  B 
in  the  Hamilton  Inlet  district,  which  was  based  on  other  kinds  of  evidence.  B 

*  R.  A.  Daly:  The  Geology  of  the  Northeast  Coast  of  Labrador,  BhU.  Huseum  of  Comp.  ZoOl.  at  Hartmi 
CoUttt,  Vol.  j8  (Geol.  Ser.,  Vol.  s),  1902,  pp.  203-  270;  reference  on  p.  239.  H 
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ANTARCTIC  GLACIERS 

By  Harry  Fielding  Reid 

The  Johns  Hopkins  University 

The  volume  "Glaciology”  of  the  British  (Terra  Nova)  Antarctic  Kx- 
pedition*  contains  an  immense  number  of  observations  on  the  various 
types  of  ice  and  glaciers  of  Antarctica.  The  large  scale  of  the  Antarctic 
continent,  the  continuously  low  temperatures,  and  the  severe  blizzards 
prevented  the  making  of  repeated  visits  to  the  various  glaciers  so  that 
intensive  studies  of  them  were  impossible;  but  one  can  only  admire  the 
energ>\  pluck,  and  endurance  that  were  necessary  to  collect  all  the  infor¬ 
mation  contained  in  this  volume. 

From  this  and  other  expeditions  we  can  form  a  fairly  good  general  con¬ 
ception  of  the  Antarctic  continent  and  its  characteristics.  But  it  must  be 
remembered  that  exploration  has  only  touched  the  coast  here  and  there. 
The  continent  has  an  area  of  about  5,000,000  square  miles;  it  is  approxi¬ 
mately  circular,  with  two  known  deep  indentations,  the  Ross  Sea  and  the 
Weddell  Sea,  nearly  opposite  each  other.  It  is  roughly  centered  about  the 
pole.  The  surface  rises  gently  from  the  coast  to  a  height  of  nearly  10,000 
feet  near  the  pole  and  is  nearly  all  covered  with  ice  and  snow.  South  of 
New  Zealand  a  great  fault  runs  towards  the  pole  letting  down  a  block 
covered  by  the  Ross  Sea  and  Ross  Barrier.  King  Edward  VII  Land  seems 
to  lx)und  this  block  on  the  east,  but  little  is  known  of  it.  The  fault  bends 
around  to  the  southeast  near  the  parallel  of  80°,  and  no  information  re¬ 
garding  it  is  available  beyond  the  meridian  passing  through  the  east  side 
of  the  Ross  Barrier.  The  region  along  the  fault  zone  is  known  as  South 
Victoria  Land.  The  zone  itself  is  a  scarp  leading  from  sea  level  up  to  the 
high  plateau;  and  along  the  zone  rise  high  mountains,  up  to  15,000  feet. 
Ice  overflows  from  the  plateau  and  streams  down  across  the  zone  in  a  few 
large  glaciers.  Smaller  glaciers  rise  on  the  flanks  of  the  mountains  in  the 
zone  itself.  The  glaciers  tapping  the  plateau,  and  some  others,  have  very 
small  gradients.  The  Beardmore  Glacier,  the  largest  known  valley  glacier 
in  the  world,  with  a  length  of  120  miles  and  a  breadth  varying  between  15 
and  35  miles,  has  an  average  gradient  of  about  two-thirds  of  a  degree. 
The  region  explored  by  the  British  Expedition  embraces  an  extent  of  about 
1000  miles  in  the  neighborhood  of  the  fault  zone,  about  300  miles  of  the 
high  plateau  in  the  neighborhocxi  of  the  pole,  and  a  part  of  the  plateau 
farther  north. 

The  authors  describe  the  various  characteristics  of  the  glaciers  and 
emphasize  the  considerable  differences  between  them  and  glaciers  of  the 

*  British  (Terra  Nova)  Antarctic  Expedition  (1910-1913):  Glaciology,  by  C.  S.  Wright  and  R.  E.  Priestley. 
S8i  pp.;  maps,  diagrs.,  ills.  Harrison  &  Sons,  Ltd.,  for  the  Committee  of  the  Captain  Scott  Antarctic  Fund, 
London,  1922. 
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temperate  zone.  The  numerous  excellent  half-tones  and  figures  in  the 
text,  many  of  them  diagrammatic,  add  much  to  the  clarity  of  the  de^^  rip- 
tions.  We  shall  attempt  to  see  what  light  their  observations  throw  on  the 
general  theor>-  of  glaciers. 


Parts  of  a  Glacier 

A  complete  glacier  consists  of  two  parts,  the  reservoir,  where  there  is 
accumulation  and  the  dissipator,  where  there  is  wastage;  these  regions 
are  separated  by  the  nh'i  line,  and  there  is  continual  flow  from  the  first  to 
the  second.  The  general  directions  of  the  lines  of  flow  are  known  and  clear 


Fic.  I — Diagram  sliowing  tine*  of  flow  (broken)  and  lines  of  stratification  (solid)  of  a  glacier. 


up  many  phenomena.*  They  and  the  strata  are  shown  diagrammatically 
in  the  figure.  Each  point  of  the  reservoir  where  snow  is  collected  is  con¬ 
nected  by  a  line  of  flow  with  a  corresponding  jxiint  in  the  dissipator,  where 
that  same  snow,  converted  into  ice,  is  dissipated.  The  higher  up  the  Ix'gin- 
ning  of  a  line  of  flow  is  in  the  reser\’oir,  the  farther  down  its  end  lies  in  the 
dissipator;  and  the  snow  that  accumulates  at  the  ver>’  head  of  the  reservoir 
only  comes  to  the  surface  at  the  end  of  the  glacier.  In  the  reservoir  the 
movement  has  a  component  downward  into  the  glacier,  in  the  dissipator 
towards  the  surface. 

It  is  convenient  to  divide  glaciers  into  two  classes — complete  and  in¬ 
complete.  All  the  accumulation  of  a  complete  glacier  is  lost  by  ablation 
and  melting  in  the  dissipator.  In  an  incomplete  glacier  a  part  of  the  dissi- 
p>ator  is  missing,  either  because  it  falls  over  a  cliff  or  because  it  breaks  off 
and  floats  away  as  icel)ergs.  The  surface  phenomena  of  the  reservoir  and 
of  the  dissipator  are  quite  different. 

All  the  large  glaciers  of  the  .\ntarctic,  and  especially  those  that  tap  the 
plateau  ice,  are  incomplete  and  consist  almost  entirely  of  the  reservoir 
only;  though  in  places  stretches  of  the  dissipator  exist.  A  large  proportion 
of  the  observations  of  the  explorers,  therefore,  refer  to  the  reservoir;  this 
is  fortunate,  for  the  reservoirs  of  temperate  glaciers  hav'e  received  much 
less  attention  than  the  dissipators. 

•S.  Finstrrwalder;  Der  VernagUerner,  H’m.  lirtimuHtske/t  tu  Zeitsckr.  Drutsck.  uud  Otst.  Alpenvereins, 
V'ol.  i8,  1897. 

H.  F.  Reid:  The  Mechanic*  of  Glacier*.  Journ.  of  Ceot.,  Vol.  4.  1896,  pp.  912-928. 

Idem:  De  la  progreasion  de*  glaciers,  leur  stratiflcation  et  leurs  veine*  bleue*.  CompU-Rendu  Contris  CM- 
InUrnaU.  VIII,  Paris,  tooo,  pp.  749-7SS. 
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Accumulation 

Anticyclonic  conditions  prevail  in  the  Antarctic  because  of  the  large 
expanse  of  snow-covered  surface.  The  air,  rendered  cold  and  heaxy  by 
contact  with  the  snow,  slides  down  the  slopes  radially  and  is  deflected  to 
the  left  by  the  earth’s  rotation,  so  that  southeasterly  winds  predominate, 
especially  during  blizzards.  Rut  the  large  valleys  of  the  fault  zone  guide 
the  winds  locally  so  that  in  this  region  the  blizzards  blow  from  the  west. 
These  winds  are  of  great  violence  and  blow  off  much  or  all  of  the  snow  from 
the  valley  portion  of  the  glaciers  and  deposit  it  again  lower  down  or  carrv' 
it  out  to  sea.  As  the  air  slides  down  the  slopes  its  place  is  taken  by  descend¬ 
ing  currents,  which  become  heated  adiabatically  and  bring  about  much 
ablation. 

We  thus  understand  how  in  certain  regions  the  annual  ablation  is  greater 
than  the  deposit  and  how  parts  of  true  dissipators  exist,  with  their  normal 
characteristics,  in  spite  of  the  fact  that  even  the  summer  temperature  of  the 
.Antarctic  continent  is  below  the  freezing  point.  Indeed  some  stretches  of 
dissipator  are  practically  free  of  snow  throughout  the  year.  Without  the 
winds  the  snow  line  would  lie  every’where  at  sea  level.  The  accumulation 
of  snow  is  very  spotty  and  depends  much  on  the  local  topography.  Its 
amount  is  small.  The  recover^',  after  six  and  a  half  years,  of  an  old  depot 
on  the  Barrier  showed  an  annual  accumulation  of  about  15  inches  of  snow 
of  specific  gravity  0.5,  or  ’jyi  inches  of  water.  In  some  sheltered  places  it 
must  be  more,  in  some  places  less;  and,  as  noticed,  in  places  ablation  pre¬ 
dominates.  The  heav’iest  snowfalls  seem  to  come  from  gentle  northwest 
winds,  which  bring  moisture  from  the  warmer  ocean;  as  much  as  17  inches 
of  snow  fell  in  one  such  storm.  The  snow'fall  is  heavier  near  the  borders  of 
the  continent  than  it  is  farther  south;  but  the  accumulation  is  patchy  and 
depends  on  the  winds.  The  drift  snow  on  the  lower  stretches  of  the  glaciers 
may  be  looked  upon  as  the  reservoirs  of  parasite  glaciers  such  as  may  be 
seen  in  complete  form  in  the  Swiss  Alps.  The  snow  on  the  high  plateau  is 
soft  and  incoherent;  it  seems  to  be  like  the  snow  sometimes  encountered  in 
the  high  Alps  when  cold  weather  follow's  a  storm;  or  like  that  found  by 
Whymper  on  the  top  of  Chimborazo.  The  authors  think  there  is  a  ver\' 
small  accumulation  on  the  high  plateau.  That  the  ice  is  flowing  dowm  the 
plateau  is  evident  from  the  behavior  of  ice  on  a  slope,  the  existence  of 
crevasses  on  the  slopes,  and  the  actual  measurement  of  the  movement  by 
Drx  galski  near  the  Gaussberg. 


Ablation 

This  term  refers,  not  to  the  disappearance  of  recently  fallen  snow,  but 
to  the  loss  of  older  ice  from  the  dissipator.  The  principal  causes  of  ablation 
are  direct  or  reflected  solar  radiation,  reradiation  from  heated  rocks,  con¬ 
densation  of  moisture  from  the  atmosphere,  rain,  and  the  sublimation  of 
ice.  Condensation  of  moisture  is  an  important  factor  with  temperate 
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glaciers  and  deserves  more  emphasis  than  it  has  received.  I  think  it  has 
much  to  do  with  the  rounding  of  angles,  such  as  the  edges  of  crevasses,  etc. 
In  the  Antarctic  it  acts  differently:  any  condensation  is  in  the  form  of 
hoarfrost,  ice  flowers,  etc.,  and  is  a  means  of  accumulation  (though  insignif¬ 
icant)  and  not  of  ablation.  Rain  is  practically  unknown  in  Antarctica. 
The  authors  ascril>e  to  sublimation  of  the  ice  by  the  warm  dr\’  winds 
blowing  down  the  valleys  a  principal  r61e  in  the  ablation  of  Antarctic 
glaciers;  it  is  quite  unimportant  in  temperate  zones.  But  the  most  striking 
effects  are  due  to  radiation.  The  sun  never  rises  high  in  Antarctica,  but  it 
shines  for  long  hours  in  the  summer.  Its  rays  strike  the  ends  of  the 
glaciers  at  a  high  angle;  and,  especially  where  silt  bands  are  abundant  and 
add  to  the  absorption,  the  ablation  is  strong.  As  the  silt  bands  predominate 
at  the  lower  levels  of  the  ice  and  as  the  upper  layers  move  more  rapidly 
than  the  lower,  a  somewhat  overhanging  cliff  is  devcl6ix*d;  and  from  time 
to  time  ice  breaks  off  the  upper  part  and  falls  to  the  ground.  The  form 
is  not  confined  to  the  ends;  but  reflected  radiation  and  reradiation  from  the 
walls  of  the  valley  develop  the  same  form  along  the  sides  and  leave  the  so- 
called  “radiation  gully”  l)etween  the  ice  and  the  valley  sides.  This  gives 
to  the  smaller  glaciers  of  northern  Greenland  and  Antarctica  a  striking 
app>earance,  which  is  never  seen  in  temperate  latitudes.  It  is  rather  remark¬ 
able  that  this  form  may  not  only  lx?  one  of  equilibrium,  but  it  may  be  stable: 
whereas  the  rounded  ends  of  temperate  glaciers  are  unstable. 

Absorption  of  radiation  by  thin  moraines,  by  small  stones  and  dust,  is 
extremely  effective  in  melting  the  ice.  During  a  few  days  in  summer  a 
considerable  quantity  of  water  runs  off  the  surface.  The  melting  is  naturally 
selective,  l)eing  confined  to  the  immediate  vicinity  of  the  debris,  and  cliffs 
and  pinnacles  of  fantastic  shapes  result.  These  are  well  developed  on 
the  northern  side  of  the  lower  part  of  the  Koettlitz  Glacier,  where  the 
heights  of  the  cliffs  and  pinnacles  and  the  existence  of  surfaces  of  discon¬ 
tinuity  suggest  that  we  have  here  the  results  of  many  seasons’  ablation. 

Moraines 

The  explorers  were  struck  with  the  scarcity  of  moraines  in  the  Antarctic. 
This  is  due  to  two  causes:  the  small  amount  of  expxtsed  rock  and  the  fact 
that  nearly  all  the  region  is  reservoir.  Moraines  do  not  remain  expost'fl  in 
the  reservoir  in  any  latitude;  however,  the  annual  accumulation  is  so 
small  in  the  Antarctic  that  a  moraine  may  be  exposed  on  the  surface  of 
the  reservoir  for  a  short  distance  from  its  origin  before  it  is  covered  up. 
A  moraine  may  appear  on  the  stretch  of  dissipator,  be  covered  by  the 
drifted  snow  lower  dow'n,  and  again  appear  farther  on — thus  giving  the 
curious  phenomenon  of  an  intermittent  moraine. 

Moraines  without  evident  origin  also  were  seen  on  the  dissipator  or  in  the 
terminal  face  of  a  glacier.  The  explorers  were  inclined  to  consider  the  first 
as  due  to  the  upturning  of  the  strata  or  to  ground  moraine  brought  to  the 
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surface  by  shearing  of  the  ice,  as  Chamberlin  has  suggested ;  and  the  latter 
as  due  to  such  shearing  or  to  the  sinking  of  stones  through  the  ice  by  their 
own  weight.  The  explorers  found,  however,  little  evidence  in  supp)ort  of 
their  hyjwthcsis,  and  our  figure  shows  that  it  is  unnecessary.  Suppose 
there  is  at  a  a  junction  of  two  tributaries,  or  the  reunion  of  the  ice  after 
passing  around  a  nunatak;  as  the  ice  flows  on,  the  inner  boundaries  of  the 
two  branches,  with  their  ground  moraines,  will  form  a  highly  inclined 
wall  strewn  with  moraine  and  extending  downwards  from  abd  to  the  bed  of 
the  glacier;  but  no  moraine  will  appear  at  the  surface  between  a  and  b. 
This,  I  think,  is  the  complete  explanation  of  medial  moraines  starting  at 
some  point  of  the  dissipator  and  growing  greatly  as  more  material  is  melted 
out  of  the  ice.  The  great  medial  moraines  of  the  Aletsch  Glacier  are  excel¬ 
lent  examples.  In  the  resers'oir  the  snow  usually  sloF>es  up  against  the 
mountains,  and  individual  stones  may  slide  or  roll  well  out  upon  the  glacier 
and  later  come  to  the  surface,  or  to  the  terminal  face,  away  from  the 
moraine.  Sometimes  a  slide  of  rocks  may  be  shot  out  up>on  the  reser\'oir 
and  be  incorporated  in  the  glacier  spread  out  upon  a  stratum.  It  will 
come  to  the  surface  in  the  dissipator  in  a  form  somewhat  different  to  that 
of  a  medial  moraine.  When  two  glaciers  unite,  the  strata  are  necessarily 
bent  up;  and,  as  mentioned,  the  surface  of  junction  contains  some  ground 
moraine.  Even  under  the  large  medial  moraines  of  Alpine  glaciers  this 
junction  is  not  heavily  filled  with  moraine  material;  the  ver\’  small  amount 
seen  in  the  Antarctic  glaciers  strengthens  the  conclusion,  reached  by  the 
explorers,  that  these  glaciers  are  not  now  greatly  abrading  their  beds.  The 
highly  inclined  dirty  bands  seen  on  the  ends  of  glaciers  or  on  the  sides  of 
icebergs  probably  mark  the  junction  of  glaciers.  The  moraines  on  the 
dissipator  are  quite  normal.  Where  the  material  is  scarce  and  its  com¬ 
ponent  blocks  are  not  large,  it  is  apt  to  melt  into  the  ice;  where  the  material 
is  sufficient  to  protect  the  ice  it  forms  ridges.  Large  blocks  stood  up  as 
glacier  tables.  Very  little  ground  moraine  was  seen.  The  larger  glaciers 
end  in  the  sea,  and  the  base  is  invisible;  the  small  glaciers  ending  on  land 
are  probably  frozen  to  their  beds.  Lateral  moraines,  which  are  charac¬ 
teristic  of  the  dissipator,  also  w’ere  scarce,  because  the  rock  falling  from  the 
mountains  fell,  for  the  most  part,  into  the  radiation  gully  and  not  upon 
the  ice.  Where  the  gully  had  been  filled  with  drifted  snow  some  lateral 
moraine  was  formed. 

Glacier  Grains 

The  explorers  made  many  interesting  and  valuable  obser\^ations  of  the 
development  of  ice  crystals  under  different  meteorological  conditions,  but 
we  must  reluctantly  pass  them  by.  They  studied  the  transformation  of 
snow  into  ice  in  the  glaciers  and  introduce  a  useful  distinction  between 
nhe  snow  and  ice.  There  is  much  air  between  the  fallen  snow  crystals; 
as  long  as  this  air  remains  between  the  growing  crystals,  we  have  nevi; 
but,  when  the  crystals  have  grown  and  include  the  air  bubbles,  we  have 
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ice.  They  found  the  glacier  grains  similar  to  those  in  temperate  glaciers 
but  smaller;  and  they  refer  this  to  the  ver\'  low  temperatures  of  the  Ant¬ 
arctic.  They  discuss  at  length  the  growth  of  these  grains,  and,  as  there 
can  be  no  question  of  melting  here,  they  adopt  Chamberlin’s  view  that 
molecules  of  ice  pass  from  cry’stal  surfaces  of  larger  curs'ature  to  those  of 
smaller  curvature.  No  other  explanation  is  at  hand,  but  this  one  presents 
difficulties.  It  would  lead  to  the  formation  of  plane  faces  between  the 
crystals,  and  growth  would  then  cease.  In  the  Antarctic,  as  in  temperate 
zones,  glacier  crystals  interlock.  We  often  find  a  small  extension  of  one 
crystal  completely  surrounded  by  another  ciy^stal.  It  is  exactly  in  condi¬ 
tion  to  be  rapidly  absorbed,  but  such  interlocking  is  common  and  not 
exceptional.  The  most  effective  condition  for  the  growth  of  cr>’stals  is  the 
presence  of  water,  which,  of  course,  brings  the  ice  to  the  melting  tempera¬ 
ture;  and  many  examples  are  cited.  But  the  mere  presence  of  ice  may 
convert  the  snow  in  contact  with  it  into  ice.  W  hen  wind  or  solar  radiation 
makes  a  thin  film  of  ice  on  the  surface  this  film  may  grow  in  thickness  at 
the  expense  of  the  snow  about  it.  The  explorers  even  found  that  such  a 
film  could  grow  after  it  had  been  covered  over  with  fresh  snow;  but  it  had 
its  inception  at  the  surface  and  would  mark  the  stratification  of  the  snow. 
A  glance  at  our  diagram  shows  that  such  a  system  of  blue  bands  would 
appear  at  the  vertical  end  of  the  glacier  as  nearly  horizontal  lines,  separated 
by  ice  containing  more  air;  for  blue  bands  are  merely  layers  of  ice  free,  or 
nearly  free,  of  air.  Only  in  exceptional  cases  does  the  ice  of  Antarctic 
glaciers  suffer  much  contortion,  so  that  the  banding  at  the  glaciers’  ends 
is  usually  simple.  The  influence  of  solar  radiation  in  originating  the  band¬ 
ing  is  shown  by  the  fact  that  the  banding  is  better  developed  as  the  latitude 
is  lower.  Clearly  there  will  be  a  limit  to  this,  a  limit  which  apparently  is 
not  reached  in  .Antarctica.  In  the  lower  parts  of  the  larger  Swiss  glaciers 
the  transformation  has  proceeded  so  far  that  the  ice  in  general  consists  of 
large  crystals,  the  blue  banding  has  been  obliterated,  and  the  stratification 
has  disappeared. 

The  explorers  discuss  the  mechanism  of  the  flow  of  the  ice  and  accept 
Chaml)erlin’s  view  (in  part  at  least)  that  it  depends  on  the  movement  of 
“mobile”  molecules  and  is  related  to  the  growth  of  crystals. 


Silt  Bands 

.About  thirty  years  ago  Chamberlin  brought  prominently  to  the  attention 
of  glacialists  the  vertical  ends  and  sides  of  the  glaciers  of  northern  Green¬ 
land  and  the  system  of  silt  bands  that  appeared  on  these  faces.  He  inter¬ 
preted  the  bands  as  material  picked  up  from  the  bed  and  brought  into  their 
present  position  by  a  series  of  shears,  the  successive  layers  of  the  glacier 
slipping  over  those  underlying  them.  He  actually  saw  one  place  where 
ground  moraine  was  being  incorporated  into  the  ice;  and  Case  made  some 


ANTARCTIC  GLACIERS 


609 


exiu*riments  that  showed  this  was  possible.*  But  the  bands  produced  in 
this  way  were  materially  different  from  the  systematic  series.  The  Antarc¬ 
tic  explorers  found  precisely  similar  series  of  bands  in  the  Antarctic  glaciers 
and  made  important  obserxations  which,  I  think,  offer  an  entirely  satis¬ 
factory  explanation.  They  found  that  banks  of  drifted  snow  were  in  many 
cases  made  up  of  layers  separated  by  silt  bands,  and  the  edges  of  the  banks 
weathered  like  the  ends  of  the  glaciers.  That  the  silt  bands  represented 
merely  dust  blown  upon  the  surface  of  the  snow  was  confirmed  by  the 
presence  of  penguin  feathers  and  dead  seaweed.  On  the  eastern  side  of 
Roljertson  Bay  (just  west  of  Cape  Adare),  where  the  easily  weathered 
volcanic  rocks  furnished  large  quantities  of  finely  disintegrated  rock  to  the 
winds,  the  bands  were  highly  developed  in  drifts  and  glaciers;  and  on  the 
western  side  of  the  Bay,  where  the  rocks  were  much  harder,  the  bands  were 
less  prominent. 

Owing  to  the  varying  directions  of  the  winds,  the  surface  of  the  snow'- 
banks  was  often  carved  into  very  irregular  forms  upon  which  were  deposited 
more  dust  and  more  snow,  showing  marked  unconformities  and  givfing  the 
ap{)earance  of  contorted  movements,  which  had  not  taken  place.  The 
confident  conclusion  of  the  explorers  that  the  silt  bands  originate  in  dust 
blown  on  the  surface  of  the  glacier  is  supported,  as  in  the  case  of  the  blue 
bands,  by  a  glance  at  our  diagram,  which  shows  that  the  strata  w'ill  lie 
roughly  parallel  with  the  glacier’s  bed  and  that  their  edges  at  the  terminal 
face  will  be  roughly  horizontal  lines  except  where  the  ice  has  been  tortured 
into  contorted  movements  or  broken  through  by  many  crevasses — and  these 
accidents  are  not  ver>'  common  in  the  Antarctic.  The  many  striking  un¬ 
conformities  seen  on  the  glaciers  and  on  icebergs  receive  here  their  full 
explanation. 

Some  silt  bands  are  ascribed  to  dust  blown  into  a  crevasse  which  after¬ 
ward  closed.  A  diagram  represents  the  suture  of  such  a  closed  crevasse  as 
a  straight  line  gradually  becoming  more  and  more  inclined  on  account  of 
the  greater  velocity  of  the  upper  layers  of  the  glacier,  but  the  diagram  is  not 
exactly  correct.  On  account  of  the  differential  velocity  the  vertical  suture 
would  be  changed  into  a  curved  line,  concave  upstream.  It  would  appear 
as  a  curv'ed  line  on  the  side  wall  of  the  glacier,  nearly  horizontal  at  the 
bottom,  curving  well  up  into  the  upper  layers,  and  ending  at  the  line  of 
flow  which  originated  at  the  surface  where  the  crevasse  was  closed;  if 
the  suture  intersected  the  end  face  of  the  glacier,  not  too  near  the  base,  it 
should  dip  into  the  ice  at  a  fairly  high  angle.  Nothing  of  this  kind  was 
reported.  It  should  also  cut  across  the  silt  bands  that  mark  the  stratifi¬ 
cation.  This  may  be  the  explanation  of  the  apparent  but  somewhat  doubt¬ 
ful  crossing  of  silt  bands  shown  in  Plates  150  and  163.  If  a  glacier  were 

*T.  C.  Chamberlin:  Recent  Glacial  Studies  in  Greenland.  BuU.  Geol.  Soe.  of  Arntrica,  Vol.  6,  1893,  pp. 
199-aso. 

Idtm:  Glacial  Studies  in  Greenland,  Journ.  of  Cfot.,  Vol.  3,  1893.  pp.  61-69,  198-218,  469-480,  363-382, 
668-681,  and  833-843. 

E.  C.  Case:  Experiments  in  Ice  Motion,  ibid..  \'ol.  3.  1893,  pp.  918-934. 
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greatly  riven  by  crevasses,  silt  bands  formed  in  this  way  would  lose  all 
regularity. 

Chamberlin’s  authority  leads  the  explorers  to  consider  the  possibility 
that  the  material  of  the  lowest  silt  bands  is  incorporated  ground  moraine, 
though  they  recognize  that  the  universality  of  these  bands,  their  uniform¬ 
ity,  and  their  similarity  to  the  bands  higher  up  in  the  ice  offer  special 
difficulties.  I  can  see  no  necessity  for  this  view ;  and  it  is  to  be  noted  that  the 
explorers  found  no  evidence  that  the  layers  of  ice  slippied  along  the  silt 
bands.  Our  diagram  shows  that  the  bottom  layers  of  the  glacier  originated 
at  its  head,  where,  in  the  case  of  cirques,  much  dust  would  accumulate. 
Moreover,  the  greater  differential  motion  of  ice  near  the  glacier’s  bed 
would  thin  out  the  strata  and  bring  the  silt  bands  closer  together.  It  must 
also  lie  rememliered  that  the  ice  near  the  bed  is  ver\'  old;  the  mean  tem- 
pH.‘rature  of  Antarctica  is  so  low  that  the  thinner  glaciers  would  be  frozen 
to  their  lx*ds,  making  the  velocity  there  so  small  that  we  must  place  the 
origin  of  this  ice  ver\’  far  back  in  the  past;  is  it  not  piossible  that  when  the 
silt  of  these  bands  was  accumulated  there  may  have  lieen  more  disinte¬ 
grated  rock  available? 

Classification  of  Land-Ice  Formations 

The  explorers  have  classified  the  Antarctic  ice  into  four  main  tyjK's, 
namely,  ice  occurring  in  (i)  the  area  of  predominant  supply,  (2)  the  area 
of  predominant  movement,  (3)  the  area  of  prctlominant  wastage,  and  (4) 
the  area  of  balanced  forces.  The  ice  of  the  high  plateau,  ice  caps,  and 
snowdrifts  come  under  typje  1 ;  the  valley  pxjrtions  of  glaciers  under  tyjK* 
2;  the  lower  pjortions,  piedmont  ice,  ice  tongues,  under  typ>e  3;  and  shelf 
ice  under  typ>e  4.  They  have  found  this  classification  convenient  for  their 
descriptions;  but  it  is  not  well  adapted  for  the  theory  of  glaciers.  \  large 
glacier  may  l)elong  to  all  four  typjes.  For  general  purposes  it  would  Im? 
better  to  divide  a  glacier  into  reser\oir  and  dissipator,  for  each  of  these 
parts  has  distinct  characteristics,  and  they  are  fundamentally  related 
to  the  very  existence  of  the  glacier.  Of  course,  the  explorers  recognize  the 
relation,  but  they  do  not  specifically  emphasize  it. 

We  have  already  discussed  some  of  the  typies;  and  w’e  shall  now  take  up 
some  others. 

Piedmont  Ice 

Russell  introduced  the  term,  piedmont  glacier,  to  describe  the  expanded 
ends  of  valley  glaciers  that  coalesce  at  the  foot  of  the  mountains.  The 
Malaspina  Glacier  is  the  classic  example,  and  it  is  wholly  dissipator.  The 
two  piedmont  glaciers  described  in  the  Antarctic  lie  on  shelves  between 
the  mountains  and  the  sea;  the  explorers  think  they  originated  by  the  coa¬ 
lescence  of  the  valley  glaciers.  This  may  be  so,  but  the  maps  and  the  de¬ 
scriptions  show  that  they  no  longer  derive  their  supplies  in  this  way  but 
from  snow  accumulated  on  their  surfaces.  They  lie  wholly,  or  almost 
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wholly,  in  the  region  of  supply;  and  they  waste  by  melting  in  the  sea  water, 
by  breaking  off  at  their  terminal  cliffs,  and,  perhaps  to  a  slight  degree,  by 
melting  or  sublimation  at  the  surface.  They  only  resemble  Russell’s  type 
in  their  locations.  Would  it  not  be  better  to  look  upon  them  as  individual 
and  independent  glaciers?^ 

Ice  Tongues 

Where  an  actively  moving  glacier  reaches  tidewater  at  a  low  gradient, 
it  usually  sends  out  a  tongue  which  floats  on  the  water  to  a  distance  of 
many  miles.  It  stands  up  from  a  few  feet  to  200  feet  above  the  water  and 
is  hounded  on  all  sides  by  vertical  cliffs.  The  calving  of  bergs  on  the  sides 
naturally  narrows  the  tongue  as  it  advances  so  that  it  takes  the  shajie  of  a 
triangle  with  the  base  at  the  coast  line.  Some  of  these  tongues  are  of  great 
size;  the  Shackleton  tongue,  on  the  northern  coast,  has  a  breadth  at  its 
base  of  nearly  200  miles  and  projects  an  equal  distance  beyond  the  coast. 
The  Dr>’galski  and  the  Nordenskjold  ice  tongues  project  from  the  great 
scarp  into  the  Ross  Sea;  and  there  are  many  smaller  ones.  The  Mackaye 
ice  tongue,  in  Granite  Harbor,  and  the  Erebus  Bay  ice  tongue,  on  the 
southwest  side  of  Ross  Island,  are  each  six  or  seven  miles  long;  the  former 
is  about  three  miles  wide,  and  the  latter  a  little  more  than  one  mile.  Their 
sides  are  nearly  parallel.  They  owe  their  extension  and  shape,  apparently, 
to  their  sheltered  positions.  The  Mackaye  tongue  enters  the  head  of  the 
harbor,  which,  in  winter  at  least,  is  entirely  frozen  over.  Its  movement 
was  nteasured  and  found  to  be  nearly  three  feet  a  day.  The  shores  of  the 
harbor  are  nearly  parallel  with  the  glacier  tongue;  and  cracks,  designated 
as  shear  cracks,  occur  in  the  fast  ice  (the  frozen  sea  water),  running  from 
the  shore  to  the  tongue  and  pointing  upstream  at  an  angle  of  about  45°. 
These  cracks  all  start  from  projecting  points  of  the  shore,  and  the  explana¬ 
tion  is  simple.  The  fast  ice  is  frozen  to  the  shore  and  to  the  tongue.  .As 
the  latter  moves  forw’ard  tensions  and  pressures  are  develop>ed  in  the  fast 
ice  like  those  on  the  sides  of  valley  glaciers,  which  produce  the  marginal 
crevasses.  The  greatest  pressure  is  parallel  to  the  direction  of  the  cracks 
and  forces  the  fast  ice  into  pressure  ridges  at  the  shore.  Beyond  a  pro¬ 
jecting  p>oint  the  retreating  shore  line  allows  the  ice  to  move  on,  thus  start¬ 
ing  a  shear  crack,  and  the  tension  at  right  angles  to  it  may  open  it  to  a 
considerable  width.  The  pressure  ridges  about  the  Erebus  Bay  ice  tongue 
indicate  a  velocity  comparable  to  that  of  the  Mackaye. 

Shelf  Ice:  Ross  Barrier 

In  some  parts  of  the  Antarctic  there  are  sheets  of  fairly  level  floating  ice 
ending  in  vertical  cliffs,  and  their  surfaces  are  continually  accumulating 
snow.  Nordenskjold  called  them  shelf  ice.  The  explorers  explain  them  as 
due  to  the  coalescence  of  floating  glacier  tongues,  to  the  accumulation 

*  The  explorers  recognise  these  differences  and  adopt  the  name  tentatively. 
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of  snow  on  fast  ice,  or  to  a  combination  of  the  two  processes.  It  is  thus 
that  the  great  Ross  Barrier,  the  most  notable  example  of  them  all,  was 
developed  during  the  advancing  stages  of  the  glacial  cycle;  and  now,  during 
the  waning  stages,  it  is  gradually  being  destroyed.  It  is  nourished  by  the 
great  glaciers  that  pour  into  it  on  its  landward  sides  and  by  the  accumula¬ 
tion  of  snow  on  its  surface,  which  we  have  seen  amounts  annually  to  some¬ 
thing  like  15  inches  of  snow  of  sjiecific  gravity  0.5.  It  is  losing  ice  by  the 
calving  of  iceltergs  from  its  face  and  perhaps  by  melting  at  its  under  surface 
in  contact  with  the  salt  water.  Its  cliffs  face  the  sea  for  a  distance  of  some 
400  miles,  and  it  stretches  nearly  as  far  southward  to  the  great  scarp,  thus 
covering  a  great  gulf  in  the  Antarctic  continent.  Soundings  in  front  of 
the  face  show  depths  of  300  to  400  fathoms.  Its  surface  is  practically 
level,  though  characterized  by  many  gentle  undulations,  which  cause  the 
cliffs  at  the  face  to  var\-  in  height  from  6  to  160  feet  alwve  the  sea.  The 
movement  of  the  old  dSpSt  showed  that  it  is  advancing  with  a  veUx'ity, 
near  its  western  lx>rdcr,  of  al)out  1500  feet  a  year;  but  there  are  no  crevas.ses 
except  near  the  lx)rders  and  near  the  mouths  of  the  glaciers.  When  the 
Nimrod  was  mooretl  alongside  the  face,  the  ice  was  found  to  rise  and  fall 
with  the  tides;  so  that  it  seems  fairly  evident  that  the  Barrier  is  atloat 
over  all  or  nearly  all  its  area. 

The  position  of  the  face  at  prestmt  is  not  one  of  equilibrium.  From  1S41 
to  1902  it  has  broken  back  alK>ut  25  miles;  and,  since  the  ice  has  advanced 
alxmt  17  miles  in  the  same  period,  we  see  that  the  ice  has  been  broken  off 
to  a  depth  of  about  42  miles,  that  is  the  calv’ing  of  icel>ergs  has  beeit  more 
than  twice  as  great  as  the  movement.  For  equilibrium  the  two  must  he 
equal;  but  it  does  not  seem  probable  that  the  equilibrium  would  ever  lx? 
stable;  an  increase  of  velocity  would  not  cause  a  greater  calving,  nor 
would  a  change  in  tKe  rate  of  calving  affect  the  velocity,  so  that  the  ix)sition 
of  the  face  must  always  be  changing  and  must  depend  ver\-  largely  on  its 
previous  history-.  It  must  at  some  time  have  extended  considerably  further 
north  than  it  does  now;  how  far  we  do  not  know. 

The  explorers  think  the  rate  of  calving  is  largely  influenced  by  the 
melting  in  contact  with  sea  water.  May  not  the  frequenc>’  and  \'iolence  of 
storms  be  a  more  important  factor?  The  Barrier  is  capable  of  adjusting 
itself  to  the  movement  of  the  tides  without  calving;  but  the  greater  range 
of  storm  waves,  and  their  shorter  period,  would  seem  to  be  p)articularly 
effective  for  calving.  The  long  and  narrow  Erebus  Bay  tongue  maintained 
itself,  in  its  protected  situation,  almost  unchanged  from  1902  to  1911; 
but  during  an  unusually  severe  blizzard  in  the  latter  year,  nearly  half  its 
length  broke  off  and  floated  away  as  a  great  iceberg.  I  do  not  believe 
either  the  Erebus  Bay  or  the  Mackaye  tongue  could  survive  if  subjected 
to  the  storm  waves  of  the  northern  coast. 

Sponges,  shells,  and  mirabilite  (sodium  sulphate)  deposits  were  found 
in  several  places  on  the  surface  near  the  ends  of  glaciers.  Their  character 
and  appearance  negatived  the  idea  that  they  had  been  dropped  on  the  ice. 
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and  Debenham*  supposed  that  they  had  been  incorporated  into  the  ice 
at  its  under  surface  and  been  gradually  brought  to  the  upper  surface  by 
ablation  above  and  by  growth  due  to  freezing  below.  The  explorers  accept 
this  explanation,  but  it  seems  hardly  compatible  with  melting  at  the  under 
surface  of  the  Ross  Barrier,  It  would  have  required  much  more  intense 
cold.  The  Barrier  undoubtedly  was  larger  in  the  past,  and  the  ice  at  other 
p;irts  of  the  shore  may  have  extended  farther  out  upon  the  ocean;  but  was 
the  temperature  any  lower  than  it  is  now?  Indeed,  could  it  have  been  any 
lower?  .\re  not  present  conditions  such  as  to  produce  as  low  a  tem|)erature 
as  we  could  ever  expect  on  the  earth? 

The  two  forms,  the  floating  glacier  tongue  and  the  floating  shelf  ice,  are 
[KHTuliar  to  the  Antarctic;  they  are  unknown  elsewhere.  The  explorers, 
re.isoning  by  elimination,  reach  the  conclusion  that  the  absence  of  such 
forms  in  the  Arctic  is  due  to  the  warmer  summer  temperatures  of  the  s<‘a 
water  there  accompanied  by  more  rapid  melting  and  more  rapid  calving. 
There  is  another  difference  which  was  not  noticed  in  this  connection, 
namely,  that  the  Greenland  icel)ergs  calve  from  the  dissipator,  where  the 
ice  has  a  high  density,  nearly  0.9,  and  is  made  up  of  glacier  grains;  the 
.Xntarctic  icebergs  calve  from  the  reservoir  and  are  made  up  largely  of 
snow’  ice  of  low’er  density.  I)r\’galski*  has  described  the  formation  of  a 
large  berg  at  the  end  of  the  (»reat  Karajak  Cilacier.  His  obser\'ations  indi¬ 
cate  that  the  glacier,  progressing  down  a  gentle  slope,  forces  the  end  into 
the  water  to  a  lower  level  than  the  natural  level  of  flotation  and  that  the 
buoyanc>’  of  the  water  at  last  breaks  it  off.  It  then  rises  to  the  projx'r 
level  and  floats  away.  The  explorers  of  .Antarctica  descril)e  the  continual 
accumulation  of  snow  on  the  many  ice  tongues  and  on  the  shelf  ice,  and  the 
melting  at  the  under  surface,  until  at  their  outer  ends  the  whole  thickness 
may  consist  of  snow  ice  only.  The  stratification  is  shown  primarily  by  the 
layers  containing  different  amounts  of  air.  Many  of  the  large  icebergs 
that  have  tilted  show  that  their  lower  layers  consist  of  this  snow  ice.  The 
rise  and  fall  of  the  ice  with  the  tides  show  that  it  is  flexible  enough  to  adjust 
itself  to  the  profxr  level  of  flotation  quite  rapidly.  May  not  this  flexibility, 
which  does  not  seem  to  be  shared  by  the  Greenland  ice,  account  for  the 
existence  of  ice  tongues  and  shelf  ice  in  the  .Antarctic?  .And  may  not  the 
greater  flexibility  be  due  to  the  less  compact  and  less  cr>’stallized  ice  of  the 
south? 

Geologic  Climates  of  Antarctica 

.An  examination  of  the  rocks,  the  fossils,  and  especially  the  paleobotany 
of  .Antarctica  brought  out  pretty  clearly  that  before  the  Tertiary’  the 
climate  of  the  region  w’as  decidedly  mild.  Glaciers  may  have  existed  at 
times  but  apparently  did  not  attain  any  great  expansion.  During  the 

*  Frank  Debenham:  A  New  Mode  of  Tranaportation  by  Ice:  The  Raised  Marine  Muds  of  South  Victoria 
Land  (Antarctica).  Qtutrl.  Journ.  Gtol.  Soc.,  Vol.  75,  1919.  PP-  31-76. 

*  Erich  von  Do’Kalski:  Grbnland-Expedition  der  Ciesellschaft  fUr  Erdkunde  zu  Berlin,  1891-1893,  a  vols., 
Berlin,  1897:  reference  in  Vol.  1,  pp.  391-39*. 
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Permo  carl)oniferous  glacial  period  of  lands  in  the  southern  hemisphere 
Antarctica  seems  to  have  enjoyed  a  temperate  climate.  There  arc  some 
unsatisfactory’  indications  of  refrigeration  in  the  Eocene;  but  it  was  not 
until  the  Pliocene  that  great  ice  sheets  were  developed;  and  they  have 
continued,  without  clear  evidence  of  interglacial  periods,  until  the  present 
day.  As  the  explorers  conclude,  “  glacial  conditions  have  been  the  exception 
and  not  the  rule  in  Antarctica.”  They  place  the  time  of  maximum  glacia¬ 
tion  in  the  IMeistocene  and  bring  forward  much  evidence  showing  the  recent 
rapid  dw’indling  of  the  ice.  High  level  moraines  and  erratics  have  U'en 
found  several  hundred,  and  in  cases  one  or  two  thousand,  feet  alx)ve  the 
present  ice  in  their  neighborhood.  Dry’  Valley,  once  filled  w’ith  ice,  is  now 
quite  bare;  the  same  is  true  of  other  places.  That  the  retreat  is  still  in  full 
swing  is  shown  by  the  moraine-covered  stagnant  ice  on  the  side  of  Koettlitz 
(ilacier  to  a  height  of  a  thousand  feet  and  by  the  remains  of  pie<lmont 
glaciers  cut  off  from  any  supply’  and  gradually’  disappearing.  The  retreat 
of  Ross  Barrier  since  Ross’s  visit  in  1841  is  also  striking. 

In  discussing  the  cause  of  ice  ages  the  author  (Wright)  has,  without 
reaching  any  definite  conclusion,  been  led  pretty  far  afield;  but  this  may 
l)e  necessary’,  for  certainly  no  convincing  explanation  of  ice  ages  has  yet 
l)een  offered. 

The  volume  on  “Glaciology’”  is  full  of  interesting  and  important  obser¬ 
vations  and  deserv’es  the  careful  study  of  glacialists.  I  have  been  obliged 
to  pass  by  much  and  to  confine  myself  almost  entirely  to  observations 
In-aring  directly  on  the  theory'  of  glaciers.  The  Antarctic  observations  do 
not  conflict  with  the  theory’  as  generally  accepted;  they  throw  light  on  some 
questions,  especially  concerning  the  reservoir,  that  have  l)een  matters  of 
controversy;  and  they  describe  characteristics  peculiar  to  climatic  condi¬ 
tions  unknown  in  other  parts  of  the  world. 


THE  TERRITORIAL  ORGANIZATION  OF  THE 
SOVIET  POWER,  1924 


By  Robert  F.  Kelley 
U.  S.  Department  of  State 

The  early  part  of  the  present  year  witnessed  the  completion  of  the  terri¬ 
torial  reorganization  of  the  Soviet  power  which  was  entered  upon  in  Decem¬ 
ber,  1922,  by  the  conclusion  of  a  treaty  between  the  four  so-calletl  Soviet 
Republics,  known  as  the  Russian  Socialist  Federatc*d  Soviet  Republic, 
the  White  Russian  Socialist  Soviet  Republic,  the  Ukrainian  Socialist  Soviet 
Republic,  and  the  Trans-Caucasian  Socialist  Federated  Soviet  Republic, 
creating  a  new  international  entity  to  be  known  as  the  Union  of  Soviet 
Socialist  Republics.  The  relations  between  the  four  States  of  the  Union 
are  defined  by  a  Constitution  promulgated  on  July  6,  1923,  and  definitively 
confirmed  by  the  Second  Federal  Congress  of  Soviets  on  January  31,  1924. 
Prior  to  the  creation  of  this  new  entity  the  territories  of  the  former  Russian 
Empire  were  occupied  by  a  number  of  theoretically  independent  political 
units — the  Russian  Socialist  Federated  Soviet  Republic,  the  Ukraine 
Socialist  5k>viet  Republic,  the  Socialist  Soviet  Republic  of  White  Russia, 
the  Socialist  Soviet  Republic  of  .Azerbaijan,  the  Socialist  Soviet  Republic 
of  Armenia,  the  Socialist  Soviet  Republic  of  Cieorgia,  the  Far  Eastern 
Republic,  the  Khivan  People’s  Soviet  Republic,  and  the  Bukharan  People’s 
Soviet  Republic. 

The  center  of  this  group  was  the  Russian  Socialist  Federated  Soviet 
Republic,  which,  while  formally  recognizing  the  independence  of  the  various 
Soviet  republics,  effectively  directed  and  controlled  the  foreign  policy 
and  main  lines  of  internal  development  of  the  several  states.  Azerbaijan, 
(leorgia.  White  Russia,  and  the  Ukraine  were  Iwund  to  Soviet  Russia 
by  treaties  of  military  economic  alliance,  providing  for  the  unification 
of  various  departments  of  the  respective  governments — Foreign  Trade, 
Finance,  Army  and  Navy,  Means  of  Communication,  Post  and  Telegraph, 
Labor,  etc.  W’ith  the  Far  Eastern  Republic  there  existed  merely  an 
economic  alliance,  and  with  Armenia  there  existed  an  agreement  intro¬ 
ducing  the  financial  system  and  regulations  of  Soviet  Russia  into  Armenia. 
With  Bukhara  and  Khiva,  Soviet  Russia  had  concluded  simply  treaties 
of  alliance  which  made  no  provision  for  unification  of  governmental  organs. 
It  is  to  be  noted  that  each  of  these  states  conducted  its  own  foreign  rela¬ 
tions.  At  the  time  of  the  Genoa  Conference  (1922),  for  instance,  a  pro¬ 
tocol  was  drawn  up  between  Soviet  Russia  on  the  one  side,  and  Azerbaijan, 
Armenia,  White  Russia,  Bukhara,  Cieorgia,  the  Far  Elastern  Republic, 
Ukraine,  and  Khiva  on  the  other,  authorizing  Soviet  Russia  to  represent  and 
defend  their  interests  at  the  European  Economic  Conference.  The  Constitu- 

615 


6i6 


thp:  ge;ographical  review 


tion  of  July  6,  1923,  consecrates  this  supremacy  of  Moscow  and  attempts  to 
create  a  systematic  organization  in  which  the  relations  between  the  various 
Sov’iet  States  are  carefully  defined.  A  single  international  entity  is  thereby 
created,  which  the  Bolshevik  leaders  believe  can  more  effectiveb  further 
Soviet  interests  than  the  several  quasi-inde{)endent  units  that  had  existed 
hitherto.  Thus  from  one  point  of  view  the  creation  of  t  he  Soviet  Union  niav 
lx-  considered  as  marking  the  reintegration  of  the  various  parts  of  the  former 
Russian  Umpire,  which  had  tended  to  escape  from  the  control  of  Moscow 
during  the  i^ericxi  of  civil  war.  On  the  other  hand,  it  represents  the  creation 
of  a  form  of  political  organization  best  adapted  in  the  eyes  of  the  Bolshevik 
leaders  to  the  realization  of  their  aims  in  the  future.  Admission  to  the 
Union,  as  the  Preamble  of  the  Constitution  states,  is  “open  to  all  Socialist 
Soviet  Republics  such  as  are  now  existing  and  such  as  shall  arise  in  future." 
and  the  new  Federal  state  is  declared  to  be  a  decisive  step  towards  the 
“union  of  the  toilers  of  all  countries  into  one  world  Soviet  Socialist  Re¬ 
public.” 

The  present  international  entity,  therefore,  is  the  Union  of  Soviet  Social¬ 
ist  Republics,  not  Russia,  nor  the  Russian  Socialist  Federated  Soviet 
Republic.*  The  word  “Russia”  in  so  far  as  it  is  used  by  Soviet  writers  is 
restricted  to  the  activities  of  the  Russian  Socialist  Federated  Soviet  Re¬ 
public,  which  is  one  of  the  component  states  of  the  Union;  the  Bolsheviks 
are  very  careful  not  to  apply  it  when  referring  to  the  activities  of  the 
Soviet  Power.  The  Soviet  Union,  as  we  have  seen,  is  composed  of  four 
constituent  republics.  These  in  turn  are  composed  of  subordinate  ethnic 
units,*  all  of  which  have  representation  in  the  Soviet  of  Nationalities,  the 
upper  chamber  of  the  Federal  Central  Fxecutive  Committee,  the  supreme 
political  authority  in  sessions  between  the  Federal  Congresses  of  Soviets. 
The  first  Soviet  of  Nationalities,  elected  on  February  2,  1924,  consists  of 
one  hundred  members  comprising  five  delegates  each  from  six  constituent 
republics,  five  delegates  each  from  eleven  autonomous  republics,  one  dele¬ 
gate  each  from  ten  autonomous  regions,  and  one  delegate  each  from  five 
autonomous  areas  in  the  Caucasus. 

Russian  Socialist  P'ederated  Soviet  Republic  (1-22)* 

The  Russian  Socialist  Federated  Soviet  Republic,  which  includes  by  far 
the  largest  part  of  the  former  Russian  Empire,  is  the  largest  state  in  the 
Union,  having  an  area  of  about  7,920,000  square  miles  with  a  population 
of  about  97,000,000.  Soviet  Russia  is  composed  of  two  groups  of  terri¬ 
torial  subdivisions — provinces  (i)  on  the  one  hand  and,  on  the  other,  autono¬ 
mous  areas  designated  either  as  republics  or  regions  (oblasti)  with  a  certain 

>  Ttie  word  "  Rutuan"  wm  erroneoualy  inaerted  in  the  name  a«  given  in  the  Gtotraphical  Renew,  Vol.  14. 
1914,  p.  173. — Edit.  Note. 

•  For  a  brief  deacriplion  of  the  principal  ethnic  stocks  of  European  Russia  in  relation  to  the  political  sub¬ 
divisions  of  Soviet  Russia  of  1933,  see  the  Geotrapkieal  Review,  Vol.  14.  1934.  pp.  370-374. 

•Numbers  in  parenthesis  correspond  with  numbers  on  maps.  Figures  1  and  3. 
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Fig.  I — Map  of  European  Russia  showing  political  subdivisions  in  1934.  1-17  ind.,  Russian  Socialist 

Federated  Soviet  Republic:  i,  part  of  R.  S.  F.  S.  R.  subdivided  into  provinces;  3-17  incl.,  autonomous  re¬ 
publics  and  autonomous  regions  (oblasti)  of  the  R.  S.  F.  S.  R.  as  follows:  a,  Karelian  Republic;  3,  Zir>'an 
(Komi)  Region;  4,  Votyak  Region;  3,  Mari  (Cheremiss)  Region;  6.  Chuvash  Region;  7,  Crimean  Republic; 
8,  Tatar  Republic;  9,  Bashkir  Republic;  10.  Republic  of  the  Volga  Germans;  ii,  Kalmuck  Region;  13.  Daghes¬ 
tan  Republic;  13.  Chechen  Region;  14,  Mountain  (Gorskaya)  Republic;  15,  Kabardino- Balkar  Region;  16,  Kara- 
chaevo-Cherkess  Region;  17,  Cherkess-Adigh8  Region.  33,  Ukrainian  Socialist  Soviet  Republic.  34,  White 
Russian  Socialist  Soviet  Republic.  35-33  ind..  Trans-Caucasian  Socialist  Federated  Soviet  Republic.  35-38 
ind.,  Georgian  Socialist  Soviet  Republic,  comprising:  35,  Georgian  S.  S.  R.  proper;  36-38  ind.,  autonomous 
republics  and  autonomous  regions  of  the  Georgian  S.  S.  R.  as  follows:  36,  Abkhazian  Republic;  37,  South 
Osetian  Region;  a8,  Adzharian  Republic.  39-31  ind.,  Azerbaijan  S.  S.  R.,  comprising:  39.  Azerbaijan  S.  S. 
R.  proper;  30.  Autonomous  Nakhichevan  S.  S.  R.;  31,  Autonomous  Region  of  Karabagb.  33,  Armenian  S.  S.  R. 
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measure  of  self-government  (2-22).  The  part  of  Soviet  Russia  that  is 
divided  into  provinces  is  primarily  the  part  inhabited  by  the  Great  Russian 
population,  and  the  provinces  represent  administrative  units  by  which  the 
territory’  is  directly  administered  by  the  Central  Government  at  Moscow. 
There  are  forty-seven  prov'inces,  of  w’hich  forty  are  classified  as  falling 
within  European  Russia  and  seven  as  falling  within  Asiatic  Russia.^  In 
addition  to  these  forty-sev’en  provinces  there  exists  the  so-called  Far 


Fig.  2 — Map  ot  .Vsiatic  Ruuia  showitiK  political  subdiviaioiu  in  1924.  1.  18-22.  Rumian  Social- 
Mt  Federated  Soviet  Republic;  i.  part  of  R.  S.  F.  S.  R.  divided  into  province*;  18-22  incl..  auton¬ 
omous  republic*  and  autonomous  reainni  (oblasti)  of  the  R.  S.  F.  S.  R.  as  follows:  18.  Yakut 
Republic;  i9>  Xirghiz  Republic;  ao.  Turkestan  Republic;  21,  Oirat  Region;  22.  Buryat-Mongol 
Republic.  33.  Khivan  People’s  Soviet  Republic.  34.  Bukharan  People's  Soviet  Republic. 

Flastern  Region,  which  comprises  most  of  the  territory  of  the  former  Far 
Eastern  Republic.  This  region  at  present  is  sulxiivided  into  four  provinces, 
one  of  which,  the  Maritime  Province,  includes  the  northern  part  of  the 
Island  of  Sakhalin,  which  is  now  occupied  by  the  Japanese.  The  Far 
Eastern  Region  is  an  integral  part  of  the  Russian  Soviet  Republic.  The 
association  of  the  four  provinces  into  a  larger  administrative  union  in  this 
case  does  not  represent  the  formation  of  a  national  unit  but  is  rather  due 
to  the  p>eculiar  intere.sts  and  special  conditions  existing  in  those  areas 
formerly’  comprising  the  Far  Eastern  Republic. 

The  territories  of  the  so-called  Russian  Soviet  Republic  that  have  certain 

•European  Russia  is  eventually  to  be  reorganized  into  twelve  “economic  regions."  Two  of  these  are  at 
present  in  process  of  creation — the  Ural  Region  and  the  Southeast  Region.  The  Ural  Region  includes  the 
former  Perm.  Ekaterinburg.  Chelyabinsk,  and  Tyumen  provinces;  the  Southeast  Region  is  to  include  the  Don 
and  Kuban  regions,  the  Ter  and  Stavropol  provinces,  the  dty  of  Grozni.  the  Kabardino- Balkar,  Karacharvo- 
Cherkess.  Cherkess-Adight.  and  Chechen  autonomous  regions,  with  capital  at  Rostov.  (SeeGeogr  R«..Vol.  14- 
1924.  pp.  473-476.— Edit.J 
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rights  of  self-gov  ernment  (2-22)  fall  into  two  groups,  autonomous  republics 
;  and  autonomous  regions.  An  autonomous  region  is  simply  an  area  inhabited 
by  a  certain  nationality,  organized  out  of  one  or  several  former  provinces 
I  into  a  single  unit  with  a  provincial  system  of  administration.  It  represents 
an  attempt  to  bring  people  belonging  to  the  same  nationality  into  a  single 
I  administrative  unit  that  to  all  intents  and  purposes  is  similar  to  a  “prov- 
!  ince,”  the  term  applied  to  the  subdivisions  of  the  area  occupied  by  the 
j  Great  Russian  race.  There  are  at  present  ten  autonomous  regions,  all 
}  of  which,  except  one,  fall  within  the  limits  of  European  Russia. 


Region  (Oblast) 

Administrative  Center 

Chuvash  Region  (6) 

Cheboksari 

Votyak  Region  (4) 

Izhevsk 

Kalmuck  Region  (ii) 

Ellista 

Mari  Region  (5) 

Krasnokokshaisk 

Zirjan  (Komi)  Region  (3) 

Ust-Sisolsk 

Kabardino-Balkar  Region  (15) 

Nalchik 

Karachaevo-Cherkess  Region  (16) 

Batalpashinsk 

Cherkess-Adighe  Region  (17) 

Tokhtomukai 

Chechen  Region  (13) 

Grozni 

Oirat  Region  (21) 

Ulala 

Elach  of  these  regions  has  one  representative  in 

the  Soviet  of  Nationali- 

ties.  The  autonomous  regions  are  administered  by  regional  executive  com¬ 
mittees,  elected  by  the  Regional  Congress  of  Soviets. 

Nationalities  more  advanced  in  the  eyes  of  the  Soviet  Power  arc  organ- 

ized  into  autonomous  republics  and  enjoy  a  larger 

measure  of  self-govern- 

ment.  There  are  at  present  eleven  autonomous  socialist  soviet  republics 
within  the  Russian  Sov’iet  Republic,  of  which  seven  are  in  European  Russia 

and  four  in  Asiatic  Russia. 

Republic 

Administrative  Center 

Bashkir  Republic  (9) 

Ufa 

Tatar  Republic  (8) 

Kazan 

Daghestan  Republic  (12) 

Buinaksk 

Mountain  (Gorskaya)  Republic  (14) 

Vladikavkaz 

Crimean  Republic  (7) 

Simferopol 

Karelian  Republic  (2) 

Petrozavodsk 

Republic  of  the  Volga  Germans  (10) 

Pokrovsk 

Kirghiz  Republic  (19) 

Orenburg 

Turkestan  Republic  (20) 

Tashkent 

Yakut  Republic  (18) 

Yakutsk 

Buryat-Mongol  Republic  (22) 

N'erkneudinsk 

(  Each  of  these  republics  has  five  representatives  in  the  Soviet  of  Nationali- 
\  ties.  The  administration  of  the  republics,  according  to  the  Constitution 
•  of  the  Russian  Soviet  Republic,  consists  of  local  Soviets,  their  congresses 
!  and  executive  committees,  a  Central  Executive  Committee,  and  a  Soviet 
i  of  People’s  Commissars. 
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White  Russian  Socialist  Soviet  Republic  (24) 

The  second  member  of  the  Soviet  Union,  the  White  Russian  Socialist 
Soviet  Republic,  comprises  the  six  eastern  districts  of  the  former  Minsk 
Province,  eight  districts  of  the  former  Vitebsk  Province,  six  of  the  Homel 
Province,  and  one  from  the  Smolensk  Province.  The  population,  of  which 
over  75  per  cent  are  White  Russians,  now  numbers  about  4,000,000.  The 
capital  is  Minsk. 

Ukrainian  Soc  ialist  Soviet  Republic  (23) 

The  third  member,  the  Ukrainian  Socialist  Soviet  Republic,  comprises 
the  territories  of  the  former  Russian  Empire  in  which  the  I'krainians 
(Little  Russians)  predominate.  The  population  of  the  Ukraine  according 
to  the  census  of  1920  is  estimated  at  26,(X)0,ooo,  of  which  5,ooo,0(K)  are 
urban.  Of  the  country’  |X)pulation  88  per  cent  are  Ukrainian,  while  of 
the  urban  population  only  34  per  cent  are  Ukrainian,  29  per  cent  bt'ing 
Great  Russian  and  32  pcT  cent  Jews.  The  capital  is  Kharkov.  The  terri- 
tor>'  of  the  Ukrainian  Republic  is  at  present  divided  into  nine  provinces. 
In  passing,  it  is  important  to  notice  that  Bessarabia  is  still  considered  as  a 
province  of  the  Ukraine,  although  now  occupied  by  the  Rumanians. 

Trans-Caucasian  Socialist  Fhi)ER.\tei)  Soviet  Republic  (25-32) 

The  fourth  member  of  the  Union  is  the  Trans-Caucasian  Socialist  Fed¬ 
erated  Soviet  Republic,  w’hich  itself  is  a  federation  of  three  constituent 
republics  establishcxl  by  a  treaty  signed  on  March  12,  1922,  by  the  Socialist 
Soviet  Republics  of  Azerbaijan,  Armenia,  and  (ieorgia.  A  constitution  of 
the  F'ederated  Republic  was  elalxirated  and  confirmed  by  the  First  Trans- 
Caucasian  Congress  of  Soviets  on  December  13,  1922.  The  organization 
of  the  federal  government  is  mcxleled  on  that  of  Soviet  Russia.  The  capital 
is  Tiflis.  The  government  of  the  Trans-Caucasian  Socialist  F'ederated 
Sov’iet  Republic  has  not  as  yet  lK*en  centralized  to  the  same  extent  as  that 
of  Soviet  Russia,  and  the  constituent  republics,  Azerbaijan,  Armenia,  and 
Georgia,  still  retain  a  large  measure  of  genuine  independence. 

The  Azerbaijan  Socialist  Soviet  Republic  (29-31)  includes  the  former 
Baku  Province  and  a  large  part  of  the  Elizavetpol  Province  and  adjoining 
districts.  Its  {xjpulation  is  approximately  2,ooo,(xx),  75  per  cent  of  whom 
are  Azerbaijan  Turko-Tatars.  The  capital  of  the  republic  is  Baku.  It 
comprises  two  autonomous  areas,  which  are  represented  by  one  delegate 
each  in  the  Soviet  of  Nationalities,  the  Autonomous  Nakhichevan  Republic 
(30)  and  the  Autonomous  Region  of  Karabagh  (31). 

The  Armenian  Socialist  Soviet  Republic  (32)  includes  portions  of  the 
former  F2rivan,  Alexandropx)!,  and  Elizavetpol  provinces.  The  population 
numbers  1,200,000  and  is  95  per  cent  Armenian.  The  capital  is  Erivan. 

The  Cieorgian  Scxrialist  Soviet  Republic  (25-28)  includes  most  of  the 
former  provinces  of  Tiflis  and  Kutais  and  has  a  population  of  about 
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2,40().iH)0,  of  whom  about  80  p)er  cent  are  Georgians.  The  capital  is  TiHis. 
It  comprises  three  autonomous  areas,  each  of  which  has  one  representative 
in  the  Soviet  of  Nationalities;  the  autonomous  Abkhazian  Socialist  Soviet 
Republic  (26),  which  comprises  six  districts  of  the  former  province  of 
Sukhum,  the  autonomous  Adzharian  Socialist  Soviet  Republic  (.28),  which 
comprises  the  former  Batum  Province,  and  the  autonomous  South  Osetian 
Region  (27),  which  comprises  the  mountain  region  northwest  of  Titlis 
inhabited  by  the  Osets. 


!  Other  Territories 

In  addition  to  the  above  areas,  which  form  a  constituent  part  of  the 
Soviet  Union,  there  are  three  other  regions  standing  in  very  close  relation 
to  the  Soviet  regime  although  not  forming  an  integral  part  of  the  Union 
of  Soviet  Republics.  Two  of  these  states,  the  Khivan  People’s  Soviet  Re- 
!  public  (33)  and  the  Bukharan  People’s  Soviet  Republic  (34),  are  bound  to 
i  the  Soviet  Union  by  treaties  of  alliance.  Khiva  has  a  population  of  alxiut 
i  l,0(X),o(K),  of  which  50  per  cent  are  I’zbegs,  30  per  cent  Turkomans,  and 
;  15  per  cent  Kirghiz.  Bukhara  is  considerably  larger,  having  a  population 

'  of  alK)Ut  3,ooo,tX)0,  of  whom  80  per  cent  are  Uzl)egs,  6-7  per  cent  Kirghiz, 
and  7-8  per  cent  Turkomans.  Both  these  states  have  entered  into  a  cus- 
i  toms  union  with  Soviet  Ru.ssia  and  have  agreed  to  grant  concessions  to 
!  foreign  states  and  individuals  only  with  the  approval  of  the  Russian  Soviet 
Republic.  The  third  state  in  this  category’  is  Mongolia,  which  concluded 
I  an  agreement  with  the  Russian  Soviet  Republic  on  November  5.  1921, 
j  whereby’  the  Russian  Soviet  Republic  recognized  the  People’s  Government 
!  of  Mongolia  as  the  only  legal  government.  At  present  Urga,  the  seat  of 
I  the  Mongolian  Government,  and  other  strategic  points  are  occupied  by 
■  Soviet  troops. 
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By  Raye  R.  Platt 

The  past  quarter  of  a  century'  has  witnessed  much  progress  in  the  defini¬ 
tion  and  demarcation  of  the  international  boundary  lines  between  the 
republics  of  South  America  as  the  geographical  features  have  become  better 
known.  At  the  beginning  of  this  century’  the  boundary  disputes  of  major 
im|X)rtance  involved  seven  great  areas.  Of  these,  three — the  Veneziiela- 
Colombia,  the  Peru-Bolivia,  and  the  .Argentine-Chile — have  been  settled. 
Of  the  four  remaining,  the  .Argentine-Bolivia  dispute  has  been  reducer!  to 
one  of  minor  pro|K)rtions;  Colombia  and  Ecuador  have  arrived  at  an 
amicable  settlement  of  their  common  share  in  the  long-standing  Peru- 
Ecuador-Colombia  dispute;  and  the  Chile- Peru  dispute  is  at  present  in 
process  of  adjustment  at  Washington,  the  President  of  the  United  States, 
acting  as  arbitrator.  There  remain  still,  without  prospect  of  early  settle¬ 
ment,  only'  the  Peru-Ecuador  and  the  Bolivia-Paraguay  disputes. 

Many  of  the  boundaries,  however,  are  still  undemarcated.  Of  approxi¬ 
mately  15,000  miles  of  international  boundary  in  South  America  about 
8000  miles  have  been  demarcated,  while  the  disputed  areas  still  involve 
nearly'  2500  miles  of  boundary  yet  to  be  defined.  Also  many  sections  which 
may  be  considered  as  demarcated  have  been  marked  only  with  a  few  pillars 
in  critical  places,  w'ith  the  result  that  wherever  in  the  future  a  frontier 
area  between  such  pillars  becomes  sufficiently  {jopulated  as  to  necessitate 
a  precise  location  of  the  line  the  boundary  question  for  such  a  section  will 
of  necessity  be  reopened.  It  follows,  therefore,  that  a  boundary'  can  only 
be  completely  and  finally  settled  when  the  area  involved  has  been  accurately 
triangulated  and  topographically  surveyed  and  the  results  plotted  on  maps 
acceptable  to  all  the  parties  concerned. 

In  the  following  notes  boundaries  w’hose  land  sections  are  demarcated 
and  whose  waterw'ay  boundaries  are  defined  according  to  official  surv-eys 
or  surveys  accepted  as  official  are  accepted  as  completely  demarcated. 
However,  such  a  designation  has  obvious  limitations.  With  the  greater 
commercial  development  of  the  South  American  realm  it  is  certain  that 
the  problem  of  the  sovereignty  of  natural  resources  which  may  underlie 
river  channels  will  arise  again  and  again. 

Colombia-Panama 

By  the  treaty  of  April  6,  1914,  between  Colombia  and  the  United  States. 
Colombia  recognized  Panama  as  an  independent  nation  and  agreed  that  the 
boundary  between  Colombia  and  Panama  should  be  the  boundary  between 
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Fig.  1 — Map  ihowing  the  atatus  of  inlernalional  boundariea  in  South  America.  Numbers  have  reference 
to  areas  in  dispute  thus:  i.  Peru-Ecuador;  a,  Peru-Colombia;  3,  Colombia- Brazil;  4,  Chile-Peru;  s  and  6, 
major  disputed  areas  between  Argentine  Republic  and  Bolivia;  7,  Bolivia-Paraguay.  The  scale  of  the  map 
is  I  :  47.500.000. 
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the  Colombian  provinces  of  Cauca  and  Panama  as  defined  by  the  Colombian 
Law  of  June  9,  1855.*  Panama,  however,  was  not  a  party  to  this  treaty 
and  had  no  diplomatic  relations  with  Colombia  until  May  8,  1924,  when  at 
the  invitation  of  the  Secretary  of  State  of  the  United  States  the  ministers 
to  the  United  States  from  Colombia  and  Panama  met  and  signed  an  agree¬ 
ment  which  provided  for  a  boundary  convention  and  treaty  of  peace  and 
friendship.  Until  such  time  as  the  decision  of  this  convention  is  ratified 
by  the  two  governments  the  boundary  must  be  considered  as  undefined. 


Colombia-Brazil  ^ 

By  the  Treaty  of  Bogot4  of  .April  | 
24,  1907,  the  lx)undar\’  between  Co-  1 
lombia  and  Brazil  from  the  mouth  of  I 
the  Rio  Apaporis  in  the  Rio  Japur4  f 
or  Caquet4  to  a  point  on  the  island  j 
of  San  Jos6  in  the  Rio  Negro  opposite  j 
Pedra  de  Cucuhy  was  defined.*  Three  I 
monuments  set  up  by  the  joint  Ven-  I 
ezuela-Brazil  boundary  commission  in 
1879  and  1880  mark  the  section  of 
this  line  which  lies  between  the  source 
of  the  Rio  Memachi  and  San  jos^  I 
island.  All  of  this  section  is  now  in¬ 
cluded  in  the  Colombia-Brazil  bound¬ 
ary,  and  since  Colombia  w'as  not  a 
party  to  the  erection  of  these  monuments  the  entire  line  must  be  taken  as  ‘; 
undemarcated.  '  j 

From  the  mouth  of  the  Rio  Apajwris  southward  to  the  mouth  of  the  Rio 
Ambiyacu  in  the  Rio  Amazonas,  defined  by  the  Treaty  of  Bogota  of  July  t 
15,  1916,  as  the  easternmost  limit  of  the  boundary  between  Colombia  i 
and  Ecuador,  is  an  area  divided,  by  the  Tabatinga-Rio  Apap)oris  line  of  | 
the  Brazil-Peru  treaties  of  1851  and  1874,  into  two  disputed  sections.  J 
The  section  west  of  the  Tabatinga-Rio  Apaporis  line  is  still  in  dispute  i 
between  Peru  and  Colombia.  Colombia  was  not  a  party  to  the  treaties  f 
which  defined  this  line  and  disputes  the  claim  of  Brazil  to  the  area  between  | 
the  Rio  Japurd  and  the  Rio  Amazonas  from  the  Tabatinga-Rio  Apaporis  I 
line  eastward  to  the  confluence  of  the  Japurd  with  the  Amazonas.*  By  i 
the  Brazil-Ecuador  boundary  treaty  of  May  6,  1904,  Ecuador  agreed  that 
in  case  the  Peru-Ecuador  boundary'  dispute  was  settled  in  favor  of  Ecuador 
the  boundary  l>etween  Ecuador  and  Brazil  should  follow  the  line  agreed 


Fig.  2 — Map  showing  Brasil-Colombia  bound¬ 
ary  defined  by  the  Treaty  of  BogotfL  April  24. 
1907.  The  boundary  beacons  are  those  set  up  by 
the  joint  Venezuela- Brazil  commission  in  1879  and 
1880.  Scaleofmapi  :  12.000,000. 


‘  Informe  del  Ministerio  de  Relaciones  Eixteriores.  Bogolfi,  1914.  p.  isi- 

'Thiers  neming:  Llmites  e  superficie  do  Brazil  e  seus  Estados,  Rio  de  Janeiro,  1918,  pp.  123  and  124 
See  also  Demetrio  Salamanca  T.;  La  Amazonia  Colombiana:  Estudio  geogrftfico,  histdrico  y  jurldico  es 
defensa  del  derecho  territorial  de  Colombia,  Vol.  1.  Bogotl,  1916,  pp.  246-247. 

'  Salamanca  T.,  op.  cit.,  pp.  479  and  854. 
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upon  between  Brazil  and  Peru  by  the  Convention  of  Lima  of  October  23, 
1851.  and  the  modifications  s|)ecified  by  the  subsequent  agreement  signed 
between  Brazil  and  Peru  at  Lima,  February  1 1,  1874/  Ecuador  is  therefore 
no  longer  a  party  to  any  settlement  of  the  boundary  from  the  mouth  of  the 
Rio  Apaporis  to  the  Rio  Ambiyacu  which  will  follow  the  adjustment  of 
the  counter  claims  of  Peru  and  Colombia  in  this  region. 

Colombia-Ecuador 

By  the  Treaty  of  Bogota  of  July  15,  1916,  the  boundary  between  Colom¬ 
bia  and  Ecuador  from  the  mouth  of  the  Rio  Mataje  in  the  Pacific  Ocean 
to  the  mouth  of  the  Rio  Ambiyacu  in  the  Amazon  River  was  defined.  As 
set  forth  by  the  concluding  session  of  the  joint  boundary  commission  at 
Cartagena,  July  9,  1919,  the  boundary  from  the  mouth  of  the  Rio  Mataje 
to  the  most  westerly  point  of  the  watershed  between  the  Rio  Putumayo  and 
the  Rio  Napo  was  surveyed  by  precise  triangulation  and  by  measurements 
adjusted  to  points  located  astronomically  by  telegraphic  time  signals  from 
yuito  and  was  marked  by  monuments.*  The  joint  commission  found  that 
at  many  points  the  definition  of  the  boundary  had  been  based  upon  inade¬ 
quate  knowledge  of  the  topography.  Important  modifications  were  found 
necessary,  and  agreement  in  each  case  was  arrived  at  by  the  commission. 

gap  on  the  Rio  San  Juan  was  not  surveyed,  there  being  apparently  no 
doubt  as  to  the  position  of  the  boundary  in  this  section. 

From  the  eastern  end  of  the  demarcated  section  the  line  is  defined  as 
following  the  divide  between  the  Rio  Putumayo  and  the  Rio  Napo  to  the 
source  of  the  Rio  Pastaza,  which  is  considered  as  the  principal  head  stream 
of  the  Rio  Ambiyacu.  Thence  the  line  follows  the  Rio  Pastaza  and  the 
Rio  Ambiyacu  to  the  Amazon.  All  of  this  section  falls  within  the  area 
claimed  by  Peru,  and  its  final  definition  must  await  the  settlement  of  the 
Feru-Ecuador  dispute. 

Colombia  -V  enezuela 

By  an  arbitration  agreement  signed  at  Caracas,  September  14,  1881, 
the  long-standing  boundary  dispute  between  Colombia  and  Venezuela  was 
referred  to  the  Spanish  Crown  for  settlement.  At  Paris,  February  15,  1886, 
an  act  was  signed  by  representatives  of  the  two  countries  which  repeated 
the  agreement  of  1881.  On  March  16,  1891,  the  Spanish  Crown  rendered 
its  decision,  and  on  July  6,  1891,  the  Colombian  minister  at  Caracas  sug¬ 
gested  the  appointment  of  a  mixed  commission  to  carr>’  out  the  award  of 
arbitration,  inasmuch  as  part  of  the  boundary'  as  defined  did  not  follow 
natural  frontiers.  After  some  delay  a  convention  was  signed  in  Caracas, 
December  30,  1898,  establishing  a  mixed  commission.  Surv’eys  were  made 
of  several  sections  of  the  boundary  in  1900-1901,  but,  in  view  of  many 

*  Ibid.,  p.  233. 

'  Arreglo  de  Umitet  entre  la*  Repdblica*  del  Ecuador  y  Colombia,  documentoe  oficialea.  Quito,  1920.  See 
alto  Rn.,  Vol.  11,  1921,  pp.  296  and  297. 
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important  disagreements,  a  convention  was  signed  at  Bogota,  November 
3,  1916,  by  which  it  was  agreed  to  submit  the  execution  of  the  Spanish 
award  to  the  Swiss  Federal  Council. 

On  March  24,  1922,  the  Swiss  Council  presented  its  decision  which 
provided  for  a  committee  of  Swdss  experts  who  should  survey  and  examine 
those  sections  still  in  dispute  and  rectify  positions  located  by  the  joint 
V'enezuelan-Colombian  commission  in  1900  and  1901.  The  Swiss  ex{)erts 
were  to  complete  their  mission  by  December  31,  1924.  Meanwhile  the 
two  governments  were  instructed  to  occupy  such  areas  as  had  been  accepted 
by  the  mixed  commission  in  1900  and  1901.* 

Venezuela -Brazil 

The  Treaty  of  Caracas  of  May  5,  1859,  first  defined  the  Venezuela-Brazil 
frontier.  According  to  its  provisions  a  mixed  commission  later  surveyed 
this  boundary  from  Pedra  de  Cucuhy  to  Serra  Cupi,  or  Cupuy.  In  addition 
the  commission  surveyed  the  Rio  Negro  and  its  tributaries  from  the  Pedra 
de  Cucuhy  to  a  monument  erected  at  the  principal  source  of  the  Rio  Mema- 
chi;  territory'  then  claimed  by  Venezuela  but  since  assigned  to  Colombia 
and  forming  an  item  in  the  Colombia-Brazil  Treaty  of  1907.  The  only 
precisely  demarcated  section  of  the  line  which  now  divides  Venezuela  and 
Brazil  is  a  small  section  (10,675  meters)  of  the  straight  line  from  the  Falls 
of  the  Maturacd  Canal  to  the  Serra  Cupi.  In  1882  and  1884  the  remainder 
of  the  line  was  located  and  marked  in  a  few'  critical  places  by  a  Brazilian 
commission.  By  the  Accordo  of  1900  the  frontier  was  again  defined,  and 
in  1915  protocols  were  signed  at  Caracas  accepting  the  line  between  Pedra 
de  Cucuhy  and  Serra  Cupi  as  located  in  1880  and  referring  the  remainder, 
which  had  been  located  by  the  Brazilian  commission  in  1882  and  1884,  to 
a  mixed  commission  for  verification.  February’  29,  1912,  another  protocol 
w'as  signed  at  Caracas;  and,  in  accordance  with  its  terms,  in  December, 
1914,  and  January,  1915,  Pedra  de  Cucuhy  was  located  by  astronomical 
observations,  and  four  monuments  were  set  up  on  the  line  between  Pedra 
de  Cucuhy  and  the  Falls  of  Maturac4.’ 

Venezuela-British  Guiana 

The  boundary  between  British  Guiana  and  Venezuela  was  defined  by  an 
award  of  the  International  Arbitration  Court  at  Paris  in  1899.*  Deniarca- 

*  Arbitrage  entre  la  Colombie  et  le  Vin^uila:  Sentence  arbitrate  du  Conaeil  KM^ral  Suiaae  sur  divenei 
queationa  de  limitea  pendantea  entre  la  Colombie  et  le  V^nteu^la,  Berne,  34  Mara,  193a,  Neuchatel.  1931. 
See  alao  H.  Caae  Wilcox:  An  Exploration  of  the  Rio  de  Oro,  ColombiaA'enezuela,  Ceop.  Rn.,  Vol.  11.  i9>>> 
PP.  37*-3*3:  reference  on  p.  37a.  footnote  a. 

On  July  10  of  thia  year  the  American  Geographical  Society  waa  informed  by  Dr.  Alfredo  Jabn  of  Caracaa, 
Venezuela,  that  the  commiaaion  of  Swiaa  experta  had  completed  ita  work  and  returned  to  Europe.  With  the 
exception  of  an  area  of  about  130  aquare  milea  along  the  boundary  in  the  vicinity  of  Clicuta  the  Swiaa  commia* 
aion  did  no  aurveying  work  but  accepted  the  work  of  the  mixed  commiaaion  of  1900  and  1901. 

'  Fleming,  op.  cit..  pp.  133-136.  See  alao  Libro  Amarillo  de  Venexueta,  Vol.  i,  pp.  164-163,  Vol.  a,  pp.  3*4- 
3S7.  Caracaa.  1913. 

'Grover  Cleveland:  The  V'enezuelan  Boundary  Controveray,  Princeton  and  London,  1913. 
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tion  was  completed  in  1900  except  for  the  section  of  the  boundary  between 
the  summit  of  Mt.  Roraima  and  Wenenau  Creek.  A  deviation  for  this 
section  of  the  boundary  from  the  definition  of  the  award  was  suggested  by 
the  joint  commission  and  accepted  by  the  two  governments.  The  line  of 
deviation  follows  the  watersheds  separating  the  Coroni,  Cuyuni,  and 
Mazaruni  Rivers.  In  1914  it  was  agreed  that  a  joint  commission  should 
again  demarcate  the  boundary  with  permanent  monuments.  This  demar¬ 
cation  was  carried  out  in  1916  and  1917.* 

Brazil-British  Guiana 

By  decision  of  the  King  of  Italy,  June  6,  1904,  and  by  subsequent  direct 
agreement  between  the  two  governments,  the  boundary  between  Brazil 
and  British  Guiana  was  defined.  One  monument  has  been  set  up  at  the 
source  of  the  Rio  Ireng  or  Mahu.  No  precise  surveys  have  been  made  of 
the  land  sections  of  the  line.*® 

British  Guiana-Dutch  Guiana 

By  the  Treaty  of  Paris  of  1814  the  Dutch  government  ceded  to  Great 
Britain  her  colonies  of  Demarara,  Berbice,  and  Essequibo.  Discussion 
respecting  the  boundary  line  between  these  colonies  and  the  present  Dutch 
colony  has  to  do  with  the  question  whether  the  head  stream  of  the  Courentyn 
River,  which  formed  part  of  the  eastern  boundarv’  of  the  ceded  Dutch 
colonies,  was  the  Cutari  or  the  New  River.** 

Brazil-Dutch  Guiana 

The  boundary  between  Brazil  and  Dutch  Guiana  is  defined  by  treaty  of 
May  5, 1906,  as  following  the  divide  between  streams  flowing  to  the  Amazon 
and  those  flowing  to  the  Atlantic  Ocean  from  the  source  of  the  Courentyn 
River  to  the  source  of  the  Maroni.  The  line  has  not  been  demarcated.** 

Dutch  Guiana-French  Guiana 

.\ccording  to  an  agreement  signed  in  1836  the  Maroni  River  was  declared 
to  be  the  boundary  between  Dutch  and  French  Guiana.  The  joint  com¬ 
mission  appointed  under  this  agreement  was  unable,  however,  to  decide 
as  to  whether  the  Awa  River  or  the  Topanahoni  was  the  main  head  stream 
of  the  Maroni.  The  matter  was  referred  to  the  Eimperor  of  Russia  who,  in 
1891,  rendered  a  decision  accepting  the  Awa  as  the  main  head  stream.  In 
1905  claims  to  certain  disputed  territory  between  the  upper  Maroni  and 
the  Iteng  Rivers  were  settled  by  agreement  between  France  and  the 

•Ubro  Amarillo  de  Veneauela,  pp.  603-612,  Caracas,  1915;  pp.  328-336,  Caracas.  1916;  pp.  372-582, 
^-**<^cas,  1917;  pp.  311-312,  Caracas.  1918. 

*  KleminB,  op.  cit.,  p.  134. 

“  See  H.  D.  Benjamins:  De  grenxen  van  Suriname,  Wesl-lndisckt  Gi4s,  1921,  V'ol.  2,  pp.  333~350. 

^  Fleming,  op.  cit.,  p.  134. 
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Netherlands.  The  question  of  gold  exploitation  on  the  upper  Maroni  was 
solved  by  giving  alternate  reaches  of  the  river  to  the  French  and  Dutch, 
respectively.  The  principal  islands  of  the  lower  Maroni  were  assigned  to 
France  at  this  time.  Inasmuch  as  the  whole  river  has  been  surveyed  and 
the  line  in  disputed  areas  demarcated,  the  entire  boundaiA’  may  be  accepted 
as  demarcated. 

Brazil-French  Guiana 


decision  of  the  President  of  the  Swiss  Confederation,  Deceml)er  i,  ^ 
1900,  defined  the  boundary  between  Brazil  and  French  Guiana.  Inasmuch  \ 
as  no  official  survey  of  the  Oyapock  River,  which  forms  the  greater  part  of  - 
the  boundary,  has  been  made  and  no  precise  surv’ey  of  the  divide  from  the 
source  of  Maroni  River  to  the  source  of  the  Oyapock  exists,  the  entire 
bounrlary  must  be  considered  undemarcated.**  ‘ 


Brazil-Uruguay 

■ 

The  boundary  treaties  of  1851  and  1852  defined  the  boundary  between 
Brazil  and  Uruguay,  and,  by  the  Accordo  of  1853,  the  rights  of  the  two  ^ 
nations  in  the  Lagoa  Mirim,  the  Rio  Jaguarao,  and  the  Arroyo  San  Miguel  ! 
w'ere  determined.  In  1852  and  1859  a  part  of  the  boundary'  from  the  mouth 
of  the  -Arroyo  Chuy  in  the  Atlantic  Ocean  to  the  town  of  Quarahy  on  the 
Rio  Quarahy  was  surveyed  and  162  monuments  erected.*^  Since  official  [ 
surveys  exist  for  the  Rio  Quarahy  the  entire  line  may  be  considered  de¬ 
marcated. 

By  the  Boundary  Treaty  of  1909  Brazil  and  Uruguay  determined  to  i 
resurvey  the  boundary,  and  between  1909  and  1912  the  two  commissions 
that  had  l>cen  appointed  completed  the  triangulation  of  a  section  from  ^ 
the  southern  point  of  Lagoa  Mirim  to  the  source  of  the  Rio  Jaguarao.”  d 

i 


Brazil-Argentine  Republic  * 

r 

The  frontiers  of  Brazil  and  the  Argentine  Republic  were  first  defined  * 
by  treaty  in  1857.  In  February,  1895,  the  section  between  the  Rio  Uruguay  j 
and  the  Rio  Iguassu  w'as  again  defined  by  the  award  of  the  President  of  the  ; 
United  States.'*  Difficulties  in  the  interpretation  of  this  award  were  ad-  i 
justed  by  the  Treaty'  of  September  6,  1898.  Between  November,  1900,  • 

and  October,  1904,  the  entire  frontier  w'as  demarcated  by  a  mixed  com-  | 
mission  except  for  a  short  section  of  the  Rio  Quarahy  near  the  island  of  | 
Quarahy  or  Brazileira.  An  act  of  October  4,  1910,  signed  at  Rio  de  Janeiro,  | 

u  FlrniinK,  op.  eit.,  p.  135.  | 

>*  pp.  137  and  138.  { 

Sm  Rapport  tur  lea  travaux  g^odMquea  de  1913  i  1933  par  le  Service  Citegraphique  de  I'.Xrmfe  | 

Uruguayane,  Colonel  P.  Grot.  Toulouse.  193J;  and  Notice  sur  quelquea  travauz  g^odMquea  par  det  I 

officers  de  I'Arm^  Brfsilienne.  Rio  de  Janeiro.  1933.  I 

>•  J.  B.  Moore:  History  and  Digest  of  the  International  Arbitrations  to  Which  the  United  States  Has  Been  | 
a  Party.  6  vols..  Washington.  D.  C..  1898;  refereiKe  in  Vol.  3.  pp.  1969-3036. 
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assigned  certain  islands  in  the  Rio  Uruguay  and  the  Rio  Iguassu  to  Brazil 
and  the  Argentine  Republic,  respectively.” 

Brazil-Paraguay 

By  treaty  of  January  9,  1872,  and  the  protocol  of  January  7,  1874,  the 
boundary  between  Brazil  and  Paraguay  was  defined.  The  demarcation  of 
the  line  was  completed  between  August,  1872,  and  October,  1874,  except 
for  a  section  between  the  mouth  of  the  Rio  Apa  and  the  mouth  of  the  river 
known  as  Bahia  Xegra.  Final  definition  of  this  section  must  await  the 


Kic.  3 — Map  showing  the  Peru-Brazil  boundary  defined  by  the  Velarde-Rio  Branco 
Treaty.  July  12.  1904,  and  the  Madeira-Acre  section  of  the  Brazil- Bolivia  boundary 
defined  by  the  Treaty  of  Petropolis.  February  6,  1907.  Scale  of  map  1  :  12,000.000. 


settlement  of  the  dispute  between  Paraguay  and  Bolivia.  In  the  Rio 
Paraguay  all  reaches  of  the  river  to  the  north  and  east  were  assigned  to 
Brazil,  and  those  to  west  and  south  to  Paraguay.  The  island  of  Fecho  dos 
Morros  was  given  to  Brazil.** 


Brazil-Bolivia 

A  treaty  signed  in  1867  defined  the  boundary  between  Brazil  and  Bolivia, 
and  a  joint  commission  immediately  set  to  work  to  demarcate  the  entire 
boundary.  In  1871  and  from  1875  to  1878  two  joint  commissions  and  a 
Brazilian  commission  completed  the  demarcation  of  the  section  from  the 
mouth  of  the  Bahia  Negra  to  the  confluence  of  the  Mamor^  and  Beni 
Rivers.  Peru  protested  against  the  definition  of  the  line  from  the  con¬ 
fluence  of  the  Mamor6  and  Beni  Rivers  to  the  source  of  the  Rio  Javar>'  on 
the  ground  that  this  section  of  the  line  as  defined  ran  through  territory'  to 
which  Peru  laid  claim.  Final  agreement  was  not  arrived  at  until  the  final 

‘'La  Frontera  .Argentina- BrazilcAa  (Eatudiue  y  Demarcacidn  General  1887-1904.  Division  de  Llmites 
Internacionalea.  Vol.  1),  Buenos  Aires.  1910.  pp.  S44-S6i. 

Ibid.,  pp.  129  and  ijo. 
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demarcation  of  the  Peru-Bolivia  boundary  in  1911-1913.  In  1897  a  Bra¬ 
zilian  commission  marked  the  source  of  the  Rio  Javary  and  located  it 
by  astronomical  observations.  In  1899  a  joint  commission  was  appointed 
to  mark  the  Madeira- Javary  frontier.  Again  in  1901  and  1902  a  joint 
commission  undertook  to  verify  the  location  of  the  source  of  the  Rio 
Javary  but  was  stopp)ed  by  the  revolution  in  Acre.** 

The  line  was  defined  anew  by  the  Treaty  of  Petropolis  of  November  17, 
1903,  in  w’hich  special  emphasis  was  given  to  the  definition  of  that  section 
of  the  boundary  between  the  Rio  Madeira  and  the  Peru-Bolivia  boundary 
An  agreement  of  February  6,  1907,  provided  for  a  joint  commission  to 
mark  the  frontier  established  by  the  Treaty  of  Petropolis,  to  explore  the 
section  between  the  monument  known  as  Marco  Quatro  Irmaos  and  a 
monument  located  on  the  right  bank  of  the  Rio  Turvo  in  1875,  and  to  ex¬ 
plore  the  Rio  V’erde.  All  of  this  work  was  carried  out  with  exception  of 
(i)  the  section  between  the  Rio  Turvo  and  the  source  of  the  Rio  Wrde 
and  (2)  a  section  between  the  principal  source  of  the  Rio  Rapirran  (a 
tributary  of  the  Abund)  and  the  source  of  the  Arroyo  Bahia  (a  tributary  of 
the  Acre).  With  the  exception  of  the  latter  section  the  frontier  from  the 
Madeira  to  the  Peruvian-Bolivian  Ixrundary  was  surveyed  with  considerable 
exactness.  A  large  number  of  points  were  located  by  astronomical  obser¬ 
vations,  and  a  great  many  heights  were  measured.** 

Brazil-Peru 

By  treaty  of  Octolier  23,  1851,  it  was  agree<l  Iretween  Brazil  and  Peru 
that  their  common  boundary  from  the  hamlet  of  Tabatinga  on  the  Amazon 
River  northward  should  be  by  a  direct  line  to  the  Rio  Japurd,  or  Caqueta, 
opposite  the  mouth  of  the  Rio  Apaporis  and  southward  from  Tabatinga 
by  the  Rio  Javary  from  its  confluence  with  the  Amazon  River.**  Joint 
commissions  working  in  1866,  1873,  and  1877  demarcatetl  this  boundary 
from  the  source  of  the  Rio  Javary^  to  the  mouth  of  the  Rio  Apaporis  and 
agreed  to  a  slight  modification  of  the  line  whereby  it  should  for  a  short 
distance  follow  the  channel  of  the  Rio  Iga.  By  treaty  of  May  6,  1904, 
F2cuador  agreed  to  recognize  as  her  common  boundary’  with  Brazil  such 
part  of  the  line  established  between  Brazil  and  Peru  by  the  treaty  of  1851 
as  would  fall  to  Ecuador  in  case  the  Pcru-Ecuador  dispute  should  be  settled 
in  Ecuador’s  favor.  When  in  1867  Brazil  and  Bolivia  agreed  as  to  the 
location  of  their  common  boundary  Peru  protested  on  the  ground  that  the 
line  as  definetl  from  the  confluence  of  the  Rio  Beni  and  the  Rio  Manior^ 
to  the  source  of  the  Rio  Javary  ran  through  a  region  in  which  Peru  disputed 
both  Bolivian  and  Brazilian  claims.  The  subject  was  the  matter  of  frequent 

“  Ibid.,  pp.  131-13J. 

■  Memorandum  del  Miniaterio  de  Relacione*  Exteriorea.  Lima,  1903,  p.  28. 

“  Fleming,  ot-  cit.,  p.  134. 

See  alao  P.  H.  Fawcett:  Survey  Work  on  the  Frontier  between  Bolivia  and  Braxil.  Ceofr.  Journ.,  Vol.  33. 
190Q,  pp.  181-183;  Memoria  de  Relacionea  Exteriorea  de  Bolivia,  La  Pax,  1916,  p.  13. 

**  J.  B.  Moore:  Brazil  and  Peru  Boundary  Queation.  New  York  (1904].  p.  19. 
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(^i^cllssion  until  an  agreement  was  signed  July  12,  1904,  whereby  two  areas 
in  the  upper  JuruA  and  Purus  Rivers  were  declared  neutral  zones  {^ending 
a  definitive  settlement  of  the  line.  By  the  Velarde-Rio  Branco  Treaty  of 
September  8,  1909,  a  final  settlement  was  reached  by  which  the  line  was 
located  from  the  Peru-Bolivia  boundary  on  the  Rio  Acre,  still  in  dispute, 
to  the  source  of  the  Rio  Javary;  Peru  agreeing  in  her  negotiations  with 
Bolivia  to  recognize  the  accord  reachetl  by  Brazil  and  Bolivia  in  the  Treaty 
of  Petropolis  as  to  the  Brazil-Bolivia  boundary  along  the  Acre.'* 


Tulcan 


- ’LSucumbu 

Archidona 


La  Chorrera 


S.  Paulo  do  Oliven^a 


Machala 


Bouniari^  demarcated. 

•  defined 

•  m  dispute  . 


Fig.  4 — Map  showing  the  areas  in  dispute  between  Peru  and  Ecuador  and  Peru  and  Colombia,  with  the 
)x>undaries  of  the  respective  claims  and  the  Colombia-Ecuador  boundary  defined  by  the  Treaty  of  Bogoti, 
July  IS,  1916.  Scale  of  map  i  :  13.000,000. 


Brazil-Ecuador 

As  mentioned  above,  a  boundary  treaty  signed  May  6,  1904,  between 
Brazil  and  Ecuador  agrees  on  the  part  of  Ecuador  that  in  case  the  dispute 
between  Ecuador  and  Peru  is  decided  in  Ecuador’s  favor  the  boundar>’ 
between  Ecuador  and  Brazil  shall  be  as  established  by  the  Convention  of 
Lima  of  October  23,  1851,  between  Brazil  and  Peru  and  the  modifications 
specified  in  the  subsequent  agreement  signed  between  Brazil  and  Peru  at 
Lima,  February  ii,  1874.**  In  case,  therefore,  Ecuador  does  win  her  claim 
and  secure  territory  bounded  by  Brazil,  her  frontiers  with  Brazil  will  have 
been  already  defimHl  anfl  demarcated. 


■  In  1931  the  American  Geographical  Society  was  notified  by  the  Peruvian  Embassy  at  Washington  that 
a  joint  commission  was  engaged  in  surveying  and  demarcating  the  line  from  the  Peni-Bolivia  boundary  demar¬ 
cated  in  191 1-1913  to  the  source  of  the  Rio  Javary.  A  collection  of  unpublished  maps  received  by  the  Society 
from  the  Lima  Geographical  Society  since  January,  1934.  contains  maps  of  surveys  made  by  this  joint  com¬ 
mission  in  the  upper  Juru&  and  Purfis.  It  is  believed,  however,  that  the  work  has  not  yet  been  completed. 

*■  Salamanca  T..  of.  eit.,  Vol.  1,  p.  343. 
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Ecuador-Peru 

The  Peruvian-Ecuadorean  boundary  dispute  is  one  of  the  two  disputes 
of  major  importance  still  to  be  settled  in  South  America.  It  dates  from  the 
secession  of  the  Republic  of  Ecuador  from  the  triple  confederation  of 
Colombia,  August  14,  1830.  Ecuador  claims  that  she  is  the  heir  of  Colombia 
to  the  l)oundary  Iwtween  Colombia  and  Peru  as  defined  by  the  Treaty  of 
Guayacjuil  of  September  22, 1829,  and  modified  by  the  Petlemonte-Moscjuera 
Protocol  of  1830.  I’eru  refuses  to  recognize  this  heirship,  at  least  as  far  as 
the  boundaiA'  is  concerm*d,  and  claims  a  great  region  in  the  Orientc  ex¬ 
tending  across  territory  claimed  by  Ecuador  and  into  territory  claimed 
by  Colombia  to  a  point  in  the  Rio  Japura  at  the  mouth  of  the  Rio 
Apai>oris. 

Numerous  treaties  have  been  executed,  but  all  have  failed  of  ratification. 
Ecuador  insists  that  arbitration  or  mediation  of  any  sort  is  unnecessar\- 
since  she  stands  ready  to  accept  to  the  letter  the  Treaty  of  Guayaquil  of 
1829  and  the  Pe<lemonte-Mosquera  Protocol  of  1830.  It  was  agreed, 
however,  on  August  1,  1887,  by  the  Espinosa-Bonifaz  Treaty  to  submit  the 
question  to  the  King  of  Spain.  Ecuador,  on  learning  that  the  decision  of 
the  King  of  Spain  was  to  be  in  favor  of  Peru,  w’ithdrew  from  the  arbitration. 
In  the  strainenl  relations  that  followed,  Brazil,  the  Argentine  Republic, 
the  United  States,  and  the  Hague  Tribunal  offered  their  services  as  media¬ 
tors.  Ecuador  refused  all  offers  on  the  ground  that  in  the  Treaty  of  1829 
lay  the  means  for  a  settlement  without  outside  help.”  In  1911  the  two 
governments  agrcHnl  to  make  no  further  attacks  on  settlements  establishid 
by  the  two  countries  in  the  Orientc  fK*nding  a  definite  settlement  of  their 
counterclaims. 

Peru-Chile 

The  history  of  the  boundary  controversy  between  Peru  and  Chile  is  too 
well  known  to  require  detailed  description  here.  According  to  the  Treaty 
of  .\nc6n  of  October  20,  1883,  Chile  was  to  hold  Tacna  and  Arica  for  ten 
years,  at  the  end  of  which  time  a  plebiscite  was  to  be  held  to  determine 
by  vote  the  future  sovereignty  of  the  province.  At  the  expiration  of  the 
first  ten  years  and  subsequently  Chile  progressively  delayed  the  holding 
of  the  plebiscite.  A  protcx:ol  and  supplementary  act  was  signed  at  Wash¬ 
ington,  July  20,  1922,  and  ratified  January’  15,  1923,  which  provided  for 
the  submission  by  each  country’  of  its  claims  and  supporting  evidence  to 
the  President  of  the  United  States  as  mediator.  On  November  13,  1923, 
these  claims  and  evidence  were  presented  by  both  countries.  According 
to  latest  information  a  two-months’  extension  of  time  was  granted  on 
April  13,  1924,  for  the  submission  of  further  evidence  on  application  by 
the  Chilean  representatives  and  agreement  by  the  Peruvian  representatives. 


*  Paatorua  Flore*:  Hiitory  of  the  Boundary  Dispute  between  Ecuador  and  Peru,  New  York.  1921. 
See  alto  Gtotr.  Rn..  Vol.  5,  1918,  p.  327. 
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T  Pcru-Bolivia 

'  Oflicially,  the  boundary  controversy  between  Peru  and  Bolivia  begins 
'  with  the  recognition  of  the  Republic  of  Bolivia  by  the  Republic  of  Peru, 

I  May  18,  1826.  The  first  boundary  treaty  signed  by  representatives  of 
I  the  two  countries  was  the  Treaty  of  Chuquisaca,  November  15,  1826,  by 
I  which  Bolivia  was  to  cede  to  Peru  all  her  claims  of  sovereignty  in  Lake 
i  Titicaca,  while  maintaining  to  herself  equal  rights  with  Peru  of  navigation 
!  and  fishing  in  the  lake.  In  return  Bolivia  was  to  secure  an  addition  to  her 
!  littoral  province  from  the  eighteenth  to  the  twenty-first  parallel  of  latitude. 

1  The  treaty  proved  unsatisfactory  to  both  parties,  and  a  second  treaty  was 
i  signed  at  Arequipa,  November  8,  1831,  which  provided  for  a  joint  com- 
!  mission  to  make  a  map  of  the  frontier  regions  in  order  that  the  changes  and 
j  concessions  necessary  might  be  made  w'ith  a  minimum  of  detriment  to  the 
I  countries  concerned.  Bolivia  rejected  this  treaty,  and  a  third  convention 
i  was  signed  at  Cuzco  on  August  14,  1839,  by  which  it  was  agreed  to  demar- 
I  cate  the  boundary-  along  natural  barriers  and  to  accept  the  Rio  Desaguadero 
-  as  a  part  of  this  natural  boundary.  Bolivia  again  objected  not  only  because 
=  of  the  loss  of  certain  provinces  west  of  the  Rio  Desaguadero  but  also  be- 
■  cause  the  Rio  Desaguadero  was  not  considered  a  sufficiently  strong  inter- 
f  national  barrier. 

.Again  in  1896  negotiations  were  opened  at  Sucre,  and  on  July  21,  1897, 

I  it  was  agreed  to  give  60  days  to  the  study  of  the  problem  and,  in  case  of 
;  failure  in  arriving  at  an  agreement,  to  submit  the  entire  question  to  the 
!  Spanish  Crown  for  arbitration.  At  the  conference  a  suggested  modus 
j  vivendi  was  presented,  but  no  agree.ment  was  reached.  Shortly  afterward, 
i  in  1898,  representatives  met  at  Lima  and  agreed  to  appoint  a  joint  com- 
j  mission  to  survey  the  frontier  region,  to  study  the  line  across  Lake  Titicaca, 
i  and  to  present  a  proposal  for  the  settlement  of  all  or  part  of  the  line.  Six 
:  months  were  to  be  allotted  to  the  work,  and  at  the  end  of  that  time  the 
^  Spanish  Crown  was  to  be  asked  to  settle  the  question,  basing  its  study  on 
'  the  l(Kation  of  the  line  of  1810  between  the  audiencias  of  Lima  and  Charcas. 

•  .A  revolution  in  Bolivia  put  an  end  to  these  negotiations. 

By  a  treaty  of  arbitration,  December  30,  1902,  the  Argentine  Government 
was  asked  to  study  evidence  submitted  and  decide  the  location  of  the 
I  ancient  boundary  between  the  audiencias  of  Lima  and  Charcas.  By  Arti¬ 
cle  2  of  this  treaty  it  was  stated  that  the  section  of  the  boundary  running 
from  the  line  between  the  provinces  of  Tacna  and  Arica  and  the  Bolivian 
province  of  Carangas  to  the  Nevados  de  Palomani  north  of  Lake  Titicaca 
had  already  been  defined  and  its  demarcation  provided  for  by  a  treaty  of 
i  September  23,  1902.  The  Argentine  Government,  therefore,  was  to  limit 
its  work  to  the  section  north  of  the  Nevados  de  Palomani. 

The  award  was  presented  July  9,  1909.  Bolivia  objected  to  many 
details  of  the  decision.  Peru  recognized  the  justice  of  many  of  these  ob- 
N  jections,  and  as  a  result  a  treaty  w'as  negotiated  by  direct  accord  September 
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17,  1909,  by  which  the  difficulties  were  adjusted  to  Bolivia’s  satisfaction.  | 
On  Februar>'  2,  191 1 ,  both  countries  appointed  boundary  commissions,  and 
in  1911-1913  the  line  from  the  mouth  of  the  Arroyo  Pachacili  in  the  Rio  ; 
Suches  to  the  Rio  Acre  was  surveyed  and  demarcated  except  for  a  siftion  I 
from  the  southerly  end  of  the  Cordillera  de  Ichocorpa  between  the  Lan/a  - 
and  Taml)opata  Rivers  to  the  confluence  of  the  Rio  Heath  and  the  Rio  t 
Madre  de  Dios — a  section  surveyed  by  the  Peruvian  commission  but  left  I 
undemarcated  because  of  the  difficulties  of  the  task.**  j 

The  section  from  the  Rio  Suches  to  the  Chilean  frontier  still  remains  U 
undemarcated.  i 

Bolivia-Chile  [ 

At  the  close  of  the  war  of  1879-1883  Bolivia  lost  her  littoral  province  of  ^ 
Antofagasta  and  all  access  to  the  Pacific  Ocean  except  such  as  C'hile  would  j 
permit.  The  years  from  1883  to  1904  saw  many  negotiations  and  treaties,  j 
none  of  which  were  effective  until  that  of  October  20,  1904,  by  which  j 
Bolivia  definitely  ceded  to  Chile  her  coastal  territory  and  was  granted  j 
an  outlet  to  the  sea  by  way  of  the  Arica-La  Paz  railroad  since  constructed,  i 
The  survey  of  the  boundar>-  was  completed  and  the  l>oundar>’  demarcated 
and  maps  published  in  1912.  Bolivia,  however,  may  still  open  the  question 
again  at  any  time  in  view  of  her  contention  that  the  treaty  was  forced  ufK)n 
her.** 

Bolivia  -Paraguay 

The  first  of  the  important  boundar>-  treaties  executed  between  Paraguay 
and  Bolivia  was  that  of  October  15,  1879,  which  defined  the  northern  limits 
of  Paraguay  in  the  Gran  Chaco  as  the  parallel  of  the  mouth  of  the  Rio  .\pa 
in  the  Rio  Paraguay  from  the  mouth  of  the  Rio  Apa  to  the  point  where 
that  parallel  cuts  the  Rio  Pilcomayo.  This  treaty  proved  unsatisfactory  to 
Paraguay  whose  claims  extended  as  far  north  as  to  include  the  Bahia  Xegra. 

A  new  treaty,  the  Treaty  of  Tamayo-Aceval  of  February  16,  1887,  di¬ 
vided  the  disputed  territory’  into  three  sections  and  recognized  as  belong¬ 
ing  to  Paraguay  the  section  between  the  Rio  Pilcomayo  and  the  parallel  of 
the  mouth  of  the  Rio  Apa  as  far  west  as  the  sixty-third  meridian  from 
Greenwich.  The  second  section,  between  the  parallel  of  the  mouth  of  the 
Rio  Apa  and  the  parallel  which  cuts  the  Rio  Paraguay  one  Spanish  league 
north  of  Fuerte  Olimpo  and  extending  as  far  west  as  the  sixty-third  meridian 
from  Greenwich,  w’as  to  be  the  subject  of  further  negotiation.  The  third 
section,  between  the  second  section  and  the  Bahia  Negra,  was  to  Ih*  given 
to  Bolivia.  This  treaty  expired  unratified.  On  November  23,  1894,  a  new 
treaty  was  arranged  which  defined  the  boundary  as  a  straight  line  from  a 

**  Miguel  Mercado  M.:  Hialoria  internacional  de  Bolivia:  Cuestiones  de  limites,  Cochabamba.  i9>S- 
pp.  181-326. 

See  alio  Peru-Bolivia  Boundary  Commiision.  I9ii-i9>3:  Report*  of  the  British  Officer*  of  the  Peruvian 
Commission.  Diplomatic  Memoranda  and  Maps  of  the  Boundary  Zone.  Cambridge,  1918. 

Jo*^  Carrasco:  Bolivia’s  Case  for  the  League  of  Nations.  London.  1920. 

See  also:  Mercado  M.,  op.  cil.,  pp.  191-280. 
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}  point  three  Spanish  leagues  north  of  Fuerte  Olimpo  to  the  principal  course 
I  of  the  Rio  Pilcomayo  at  61®  28'  west  of  (Greenwich.  This  treaty  l>ecause 
I  it  was  considered  “detrimental  to  the  interests  of  Bolivia”  was  never 
I  subniittt'd  to  the  Bolivian  Congress.** 

4  In  1913  it  was  agreed  lx?tween  the  two  countries  that  all  previously 
I  written  agreements  would  be  annulled  and  that  an  attempt  would  be  made 
;  to  settle  the  matter  by  direct  negotiation.  In  case  this  failed  recourse  was 
1  to  Ih*  had  to  arbitration. 


Fig.  s — Map  showing  arras  in  dispute  (i)  between  Bolivia  and  Paraguay  and  (2) 
between  Bolivia  and  the  Argentine  Republic  (Yacuiba  and  overlapping  claims  west 
of  La  Quiaca).  Scale  of  map  i  :  t2.ooo.ooo. 


I  Bolivia-Argentine  Republic 

■  The  first  of  the  imjwrtant  treaties  leading  to  a  final  settlement  of  bound- 
\  ar\’  dispute  between  Bolivia  and  the  Argentine  Republic  was  the  Treaty 
i  of  Friendship,  Commerce,  and  Navigation  signed  at  Oruro,  December  7, 

■  1859.  Bolivia  did  not  ratify  this  treaty,  and  four  more  treaties  or  protocols 
j  were  drawn  up  and  rejected  before  the  treaty  of  May  10,  1889,  definitely 
j  located  the  boundary  from  the  extreme  northern  limit  of  the  Chile-Argen- 
I  tine  boundary  to  the  point  where  the  twenty-second  parallel  cuts  the  Rio 
•  Pilcomayo.  This  treaty,  by  which  Bolivia  lost  her  claims  in  the  Puna  de 
I  .\tacama  and  the  Chaco  Central  but  gained  her  claims  in  the  province  of 
i  Tarija,  was  ratified  by  the  Argentine  Republic  November  12,  1891,  and  by 
;  Bolivia  September  15,  1892.** 

Commissions  appointed  to  survey  the  boundary  found  that  in  a  great 

■  many  details  the  definition  of  the  boundary'  had  been  based  on  inadequate 


'*  Luis  de  G&speri:  Geografia  del  Paraguay,  Buenos  Aires,  1920,  pp.  244-248. 
See  also  Mercado  M.,  op.  cit.,  pp.  71-134. 

Mercado  M.,  op.  cil..  pp.  133-190. 
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or  completely  erroneous  ideas  of  the  topography  of  the  region  in\olve<i 
For  instance,  in  1895  it  was  found  that  the  Bolivian  town  of  Yacuiha  lav 
south  of  the  twenty-second  parallel  in  territory  assigned  to  the  Argentine 
Republic  by  the  treaty.  With  a  view  to  correcting  errors  in  the  original 
definition  of  the  line,  “rectifying  protocols”  were  signed  in  1898,  and 
1904,  and  the  General  Treaty  of  Arbitration  on  January  27,  1903.  In 
1909  a  rupture  in  the  diplomatic  relations  between  Bolivia  and  the  Argen¬ 
tine  Republic  took  place  as  a  result  of  the  Argentine  award  in  the  l*eru- 
Bolivia  boundary'  dispute.  Relations  were  renewed,  however,  in  191 1,  and 
the  treaty  of  1889  was  again  recognized  and  approved.  On  October  13, 
1911,  a  protocol  was  signed  and  approved  assigning  Yacuiba  as  well  as  the 
towns  of  Esmoraca,  Rosario,  San  Juan,  San  Antonio,  and  Guadalupe  and 
the  mountains  of  Moroco,  Bonete,  Azulejo,  and  San  Antonio  to  the  .Argen¬ 
tine  Republic. 

In  spite  of  the  terms  of  the  protocol  Bolivia  still  insists  that  she  has  Ix'en 
the  victim  of  an  erroneous  conception  of  the  topography  and  the  location 
of  towns  in  the  area  between  the  Chilean  frontier  and  the  Rio  Pilconiayo, 
and  the  Argentine  Republic  has  made  no  arbitrary  demand  that  the  protocol 
of  191 1  be  carrietl  out  to  the  letter.  Bolivia  still  maintains  a  customhouse 
at  Yacuiba  and  has  offered  territory  elsewhere  in  exchange.  The  Argentine 
Republic,  on  the  other  hand,  has  offered  Bolivia  territory  on  the  west  bank 
of  the  Rio  Itau  in  exchange  for  Yacuiba.*®  At  any  rate  both  countries  are 
anxious  to  settle  the  difficulty.  Meanwhile,  although  the  entire  boundary 
has  been  demarcated,  the  monuments  are  considered  as  provisional  only. 
The  entire  boundary',  therefore,  must  still  be  taken  as  in  dispute,  except 
for  the  section  along  the  Rio  Pilcomayo  to  the  twenty-second  parallel  and 
along  this  parallel  to  the  crest  of  the  Sierra  de  Ipaguazu,  and  the  section 
from  the  confluence  of  Rio  Tarija  and  the  Rio  Itau  to  the  confluence  of  the 
Rio  Lipeo  and  the  Rio  Bermejo. 


Paraguay-Argentine  Republic 

The  Boundary  Treaty  of  February  3,  1876,  defined  the  boundary  be¬ 
tween  Paraguay  and  the  Argentine  Republic  as  following  the  principal 
channel  of  the  Rio  Paran4  from  the  Brazilian-Argentine  boundary  to  its 
confluence  with  the  Rio  Paraguay  and  thence  by  the  main  channel  of  the 
Paraguay  to  its  confluence  with  the  main  channel  of  the  Rio  Pilcomayo. 
The  region  between  the  Rio  Pilcomayo  and  the  Bahia  Negra  was  divided 
into  two  sections.  Of  these  the  northern,  between  the  Rio  Verde  to  the 
Bahia  \egra,  was  recognized  as  belonging  to  Paraguay.  The  southern, 
between  the  Rio  V’erde  and  the  Rio  Pilcomayo,  w'as  to  be  the  subject  of 
further  negotiations.  By  award  of  the  President  of  the  United  States. 
November  12,  1878,  the  southern  section  was  also  given  to  Paraguay,  and 
the  Rio  Pilcomayo  was  declared  the  boundary'  as  far  as  the  Bolivian  fron- 

"  See  La  cuestion  de  Kmites  pendiente  con  la  Republic  Argentina.  MinUlerio  de  Relaciones  Exteriore*. 
La  Par,  1922. 
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tier.*'  Although  official  surveys  of  the  Rio  Paran4  and  Rio  Paraguay 
exist,  as  well  as  accepted  surveys  of  the  Rio  Pilcomayo,  the  line  cannot  be 
considered  completely  demarcated  until  the  boundary-  between  Bolivia 
and  Paraguay  is  defined  and  located. 

Argentine  Republic-Uruguay 

Brazil  and  the  United  Provinces  of  the  Rio  de  la  Plata  recognized  the 
indei>endence  of  Uruguay  by  the  treaty  of  August  27,  1828,  in  which 
Great  Britain  acted  as  mediator.**  The  boundary  between  Uruguay  and 
the  Argentine  Republic  was  defined  as  following  the  natural  channel  of 
the  Rio  Uruguay  to  its  mouth  in  the  Rio  de  la  Plata  and  thence  the 
northeastern  bank  of  the  Rio  de  la  I’lata.  Uruguay  now  claims  the  median 
line  of  the  La  Plata  as  the  boundary.  Her  claim  includes  control  of  the 
channel  built  and  lighted  by  the  .Argentine  Republic.**  The  two  govern¬ 
ments  signed  a  convention  .April  ii,  1918,  providing  for  a  triangulation  of 
the  Rio  Uruguay  and  the  estuary  of  the  La  Plata  from  the  mouth  of 
the  Rio  Cuareim  to  the  mouth  of  the  estuary.  To  date  this  triangulation 
has  not  been  carried  out,  but  the  Military  Geographical  Institutes  of  the 
two  countries  have  been  designated  to  do  the  work. 

Argentine  Republic-Chile 

The  treaty  of  1856  was  the  first  important  treaty  having  to  do  with  the 
defining  of  the  Chilean-.Argentine  boundary.  This  treaty  proved  un¬ 
satisfactory,  and  a  new  treaty  was  signed  July  23,  1881.  The  northern 
part  of  the  boundary,  especially  in  the  Puna  de  .Atacama,  still  lacked  pre¬ 
cise  definition.  The  discussion  reached  its  height  in  1892;  and  in  March, 
1893,  representatives  w-ere  appointee!  to  a  convention  which  on  May  i, 
1893,  signed  a  "Protocol  adicional  y  aclaratorio  del  Tratado  de  Li'mites 
de  1881."  Chile  once  more  protested  against  the  definition  of  the  northern 
part  of  the  boundary  as  set  forth  in  this  protocol,  and  a  second  protocol  was 
signed  in  September,  1895,  w-hich,  however,  did  not  settle  the  question.  By 
the  Compromise  of  April  17,  1896,  the  two  countries  agreed  to  ask  the 
mediation  of  the  Queen  of  England  if  direct  agreement  could  not  l>e  reached. 
In  1896  the  two  countries  seemed  on  the  verge  of  war,  but  delegates  were 
again  appointed  and  the  act  of  September  22,  1898,  was  signed.  Other 
acts  and  notes  followed,  and  in  March,  1901,  delegates  were  appefinted  to  a 
tribunal  of  arbitration.  In  May,  1902,  a  general  treaty  of  arbitration  was 
signed  and,  in  July,  1902,  a  supplementary  act  by  which  it  was  agreed  to 
submit  the  whole  dispute  to  the  King  of  England  for  arbitration.  Experts 
were  appointed  who  studied  the  problem  on  the  ground  and  drew  up  proto- 


“  Moore:  History  and  Diaest.  Vol.  2,  pp.  1923-1944. 

“  W.  S.  Robertson:  Rise  of  the  Spanish-.\merican  Republics,  New  York,  191*.  P-  1*0. 
"  See  the  map  (Fig.  280.  p.  578)  in  Isaiah  Bowman:  The  New  World,  Yonkers.  1921. 
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cols  and  acts  defining  the  boundary  in  the  disputed  sections.  The  King  of 
England  rendered  his  awar<l  November  20,  1902.  Boundary  commi^sions 
were  appointed  to  survey  the  debated  sections  of  the  line  and  set  up  pillars. 
The  work  of  demarcation  was  completed  in  1907.*^ 

La  Krontrra  Argentino-Chiirna  (Documpnto#  dc  la  Demarcacidn.  Oficina  de  LImitn  Interna' tul«. 
V'ol.  2),  Buemw  .Aire*.  1908. 
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NORTH  AMERICA 

A  Texan  Study  in  Range  Economics.  “An  Economic  Study  of  a  Typical  Ranch¬ 
ing  Area  on  the  Edwards  Plateau  of  Texas”  by  Professor  Youngblood  (Texas 
Agrir.  Exper.  Sta.  Bull.  No.  zgj.  College  Station,  Brazos  Co.,  Tex.,  1922)  is  an 
iniiK)rtant  contribution  to  the  study  of  land  utilization  that  must  form  the  basis  of 
an  adequate  land  policy.  The  broad  objects  of  the  study  are  to  correct  the  im¬ 
pression  that  ranching  is  an  “exploitive  industry  and  that  it  is  destined  to  pass 
away,  and  in  |>art  to  aid  in  placing  the  grazing  industry  on  a  sound  economic  and 
social  basis.”  Such  a  study  is  important  to  millions  of  i^eople  and  affects  a  large 
part  of  the  national  domain.  It  has  been  estimated  that  there  are  in  the  United 
.States  615,000,000  acres  of  {lermanent  range  land,  or  about  52.4  per  cent  of  the 
total  area.  When  there  are  added  to  this  area  parts  of  woodland  and  forest  that 
are  suitable  for  grazing,  the  percentage  is  raised  to  45.  In  individual  states  in  the 
West  the  matter  is  of  still  more  imtx)rtance.  Of  the  total  area  of  Texas  73.4  jkt 
cent  is  devoted  to  grazing,  and  only  18.6  per  cent  is  classitied  as  improved  land 
and  farms.  Professor  Youngblood’s  study  advances  the  education  of  the  public 
respecting  the  land  requirements  of  successful  ranching.  The  industry  is  {leculiarly 
susceptible  to  the  menace  of  too  small  units.  .Area  of  land  alone  has  no  signiticance 
in  ranching.  .A  distinction  must  be  made  between  farm  land  and  ranch  land  and  the 
different  grades  of  each.  In  the  better  farming  area  of  Texas  there  are  required 
from  80  to  160  acres  to  make  a  “family-sized  farm.”  In  the  permanent  ranching 
country  there  are  required  from  2560  to  12,800  acres  to  support  one  family. 

Professor  Youngblood  has  done  a  useful  service  in  making  his  study  realistic 
throughout.  By  confining  the  detailed  field  work  to  a  single  county  (.Sutton)  we 
obtain  a  concrete  picture  of  the  industry  and  its  difficulties.  Especially  interesting 
is  the  plan  (p.  132)  of  Halbert’s  ranch  showing  subdivisions  into  fields,  location  of 
dirt  tanks  and  rock  tank,  the  disposition  of  sheds,  roadways,  corrals,  troughs  for 
salt  or  water,  and  the  like.  In  all,  97  ranches  were  studied  and  many  interesting 
statistics  are  given  of  the  value  of  land,  stock,  headquarters  buildings,  and  particular 
economic  and  engineering  difficulties;  for  example,  the  water  system,  with  its  sur¬ 
face  reservoirs,  its  deep  wells,  and  pumping  engines.  On  the  economic  side  the 
matter  of  labor  supply,  the  sale  of  the  products,  marketing  conditions,  and  diversity 
of  products  are  all  brought  into  the  discussion.  The  study  is  full  of  well -classified 
geographical  material  that  will  be  especially  valuable  when  a  broader  synthesis  is 
undertaken  of  the  western  ranching  country  as  a  whole. 


A  Source  of  Data  for  Regional  Survey:  An  Example  from  Texas.  The  coloniza¬ 
tion  of  the  earth  by  man  is  along  the  line  of  least  geographic  resistance,  but,  as  the 
process  goes  on,  the  resistance  increases  until  a  jioint  is  reached  where  it  l)ecomes 
necessary  to  remove  opixjsition  by  artificial  means.  Today,  in  most  countries,  the 
white  race  within  the  pioneer  l>elt  is  engaged  in  occupying  the  less  suitable  places  by 
interference  with  nature.  If  a  place  shows  itself  desirable  difficulties  are  overcome. 
But  even  in  the  process  of  removal  deference  is  show  n  to  the  accidents  of  nature,  and 
only  the  easiest  adaptations  are  effected.  Many  attempts  fail,  and  struggling  little 
places  give  up  the  ghost  and  are  dest'rted.  The  country  accepts  the  settler  or  drives 
him  away;  the  minor  features  of  geography  are  determinants  of  the  prosperity  of 
communities. 
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The  geographer  looks  to  the  regional  survey  movement  for  the  best  development 
of  his  line  of  inquiry.  Regional  survey,  overlooking  nothing,  ine\itably  becomes.  ■ 
intensely  local.  The  broad  view  can  show  only  the  outstanding  condition.  The  1 
intimate  view  is  necessary  to  reveal  the  cause  of  the  condition.  Final  realization  f| 
must  come  from  an  appreciation  of  local  circumstances,  which,  in  turn,  must  be  l 
gathered  b\  the  survey  from  the  local  resident.  Hence  the  local  contribution  to  the 
geographic  understanding  of  places  becomes  a  factor  of  the  greatest  importance. 
Meanwhile  valuable  material  is  l)eing  produced;  but  much  of  it  must  pass  unseen 
by  those  who  would  discern  its  wider  value,  and  it  is  forgotten. 

.•\n  example  has  come  to  hand  which  we  produce  in  the  hoi>e  of  encouraging  per¬ 
haps  a  few  interested  persons  to  collect  material  of  the  kind.  It  is  a  newspaper 
article  (Louella  -Sewell  Cullom;  Scyene,  The  Texas  Mesquiler,  Friday,  .April  18, 
1924)  dealing,  unconsciously  to  the  point,  with  the  history  of  a  small  Texan  village 
ten  miles  east  of  Dallas.  The  village  of  Scyene,  in  the  early  days,  seems  to  have 
been  one  of  those  more  or  less  evenly  distributed  small  centers  that  focus  the  minor 
external  economics  of  a  region  of  scattered  population.  Dallas  was  another  and  no 
more,  it  seems,  than  an  equal.  Both  villages  had  the  customarv’  delusions  of  ulti¬ 
mate  greatness.  But  Dallas  had  its  navigable  river,  whereas  .Scyene.  being  situated 
on  black,  waxy  land,  had  only  wretched  roads  and  was  quite  inaccessible  in  rainv 
weather.  The  position  was  one  that  demanded  a  large  town  sooner  or  later.  In  1868 
ferryboats  came  up  from  Houston  to  Dallas,  consequently  Dallas  now  has  some¬ 
thing  akin  to  greatness,  while  Scyene  has  only  delusions.  But  it  keeps  them.  It 
hoped  for  the  salvation  of  the  railroad;  but,  owing  to  the  chance  matter  of  a  right  of 
way,  the  Te.xas  and  Pacific  line  avoided  the  place  by  a  mile  in  1871,  and  Scyene 
dwindled.  But  the  old  stage  road  from  Dallas  to  Kaufman  ran  through  Scyene; 
and  the  village  remembers,  for  automobiles  are  here.  They  require  roads,  and 
roads  defer  to  geography.  .Scyene  has  recently  found  itself  on  a  main  road.  State 
Highway  No.  15,  and  anticipates  grow  th.  The  ultimate  fate  of  the  village  will  prob¬ 
ably  be  incorporation  with  Dallas  after  a  thriving  satellitic  phase.  .Among  other 
picturesque  things  Mrs.  Cullom  relates  the  origin  of  the  name,  and  place  names  are 
always  of  interest  to  geography.  The  early  residents  picked  a  good  name,  Seine, 
that  of  the  French  river,  and  misspelt  it.  .A  younger  generation,  hopeful  for  the 
place,  changed  the  form  to  a  more  high-sounding  one. 

It  may  bt*  noted  here  that  the  magazine  section  of  the  Sunday  issues  of  the  Dallas 
News  contains  a  page  or  so  devoted  to  the  origins  of  Texan  place  names. 

This  contribution  is  typical  of  the  more  intelligent  rural  press  in  many  parts  of  the 
country.  VVe  suggest  that  the  geography  teachers  in  local  schools  have  an  opjior- 
tunity  to  collect  and  file  material  of  this  kind.  It  is  directly  applicable  to  teaching 
if  the  course  gi\-en  have  any  vitality.  A  few  good  examples  of  this  kind  of  local 
study  are  enough  to  illuminate  a  whole  region.  The  school  record  of  local  history 
and  geography  has,  if  it  w'cre  only  realized,  an  enviable  opportunity  of  giving  valua¬ 
ble  aid  to  the  regional  survey  which  must  come  sooner  or  later  if  .American  geography 
is  to  keep  pace  with  the  world. 


Sonora  Storms.  As  explained  by  Dean  Blake  {Monthly  Weather  Rev.,  Vol.  51, 
1923,  pp.  585-588),  Sonora  storms  are  those  that  bring  the  famous  cloud-bursts  on 
the  west  wall  of  the  California  desert.  These  storms  w’ere  named  when  it  was 
thought  they  originated  in  Sonora.  Mex.  Now',  however,  it  is  known  that  they 
develop  in  California,  near  where  they  run  their  course  and  end.  When  Sonoras  are 
in  progress  their  turbulent  thunderheads  may  be  seen  from  the  coast,  towering 
majestically  above  the  mountains.  The  wind  aloft  flows  seaward. 

A  western  position  of  the  desert  low  pressure  area  favorable  to  a  large  inflow  and 
superheating  of  moist  air  from  the  Gulf  of  California  occurs,  on  the  average,  but 
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one  day  a  year,  usually  in  July  or  August.  On  such  a  day  from  two  to  seven,  some¬ 
times  even  more  than  eleven,  inches  of  rain  may  fall  in  one  sudden  downpour  on  the 
valleN’s  and  slope  over  2000  feet  above  sea  level.  \\’here  rain  does  not  reach  the 
ground  numerous  fires  may  be  set  by  lightning.  The  waters  roar  down  the  dry 
gullies  and  wash  away  highways,  railroads,  or  any  other  obstructions  in  their  path, 
He  extraordinarily  violent  character  of  these  thunderstorm  rains  is  owing  to  a 
great  abundance  of  moist  air  heated  to  desert  temperatures  on  a  generally  quiet 
day.  On  rare  occasions,  similar  cloud-bursts  occur  on  some  western  slopes  of  the 
Appalachians. 

Charles  F.  Brooks 

Per  Capita  Wealth  in  the  United  States.  If  the  value  of  all  pro()erty  in  a  given 
region  could  lx?  ascertained,  and  divided  by  the  number  of  inhabitants,  the  re¬ 
sulting  per  capita  wealth  ought  to  be  one  of  the  best  possible  measures  of  standards 
of  living.  But  there  are  great  difficulties  in  the  way  of  making  accurate  estimates 
of  proi)erty  values.  Officials  of  every  state,  county,  and  city  receive  annual  re¬ 
turns  of  the  value  of  taxable  proiK-rty  in  their  jurisdictions;  but  some  valuable 
proiKTty.  such  as  churches,  schools,  libraries,  city  and  county  buildings,  parks 
and  roads,  is  not  taxed  at  all,  some  is  overlooked,  and  in  many  communities  property 
is  assessc-d  for  taxing  purjxjses  far  below  its  real  value.  (iSonie  of  the  difficulties 
were  discussed  in  the  third  volume  of  the  Compendium  of  the  nth  U.  S.  Census, 

iS()7.  pp.  ()43-<)48.) 

I'stimates  of  the  true  wealth  of  every  state  (and  sometimes  of  every  county) 
were  made  by'  the  United  States  Census  Office  at  each  census  from  1S50  to  ig<x) 
(the  first  three  times  considering  taxable  property  only)  and  again  in  I'H)4,  iqi2, 
and  1922.  The  results  for  Decemlx'r  31,  1922,  have  been  published  by  the  Depart¬ 
ment  of  Commerce  in  a  series  of  mimeographed  press  bulletins  of  one  page  each, 
one  for  each  state,  at  frequent  intervals  from  Decemlx'r,  192,^.  to  .March,  1924: 
and  the  whole  series  was  summer!  up  in  a  four-page  printed  quarto  leaflet  issued 
the  latter  part  of  .April,  1924,  which  gives  comparative  statistics  all  the  way  back 
to  1850. 

•As  measured  in  dollars  the  estimated  total  wealth  of  the  United  States  increased 
from  about  186  billion  in  1912  to  A-t  billion  in  1922,  or  72.2  jier  cent;  and  the  per 
cai)ita  wealth  increased  from  S1950  to  S2918,  or  49.6  {x-r  cent.  But  the  constant 
fluctuations  in  the  value  of  the  dollar,  esjxcially  during  the  World  War,  must  lx 
taken  into  consideration.  Economists  agree  that  average  commcxlity  prices  in  the 
United  States  were  alx)ut  56  per  cent  higher  in  December,  1922,  than  in  1912; 
so  that,  instead  of  being  49.6  |x'r  cent  richer  than  we  were  ten  years  before,  we  were 
really  a  little  poorer.  With  this  in  mind  we  may  ask  how  different  states  or  other 
communities  compare  in  jx-r  capita  wealth  and  in  rate  of  increase  thereof.  We 
learn  that  the  estimated  per  capita  wealth  in  different  states  at  the  end  of  1922 
ranged  from  $1216  in  Mississippi  and  $1244  in  .Alabama  to  $4482  in  .South  Dakota 
and  >9<)98  in  Nevada.  It  may  lx*  noted  that  in  proix>rtion  of  income  tax  payers 
and  magazine  readers,  value  of  property  jx-r  farm,  and  various  other  matters,  the 
several  states  had  approximately  the  same  rank  as  in  wealth. 

But  the  states  with  an  average  jxr  capita  wealth  below  $2000  all  have  a  large 
pro|M)rtion  of  negroes,  and  if  sejiarate  figures  for  different  races  were  available  the 
Southern  whites  might  not  rank  much  below  those  of  the  North  and  West.  In 
1920  the  average  white  farmer  in  .South  Carolina  or  Florida  was  about  on  a  par 
with  those  in  Vermont  and  New  Hampshire.  The  census  does  not  separate  the 
races  in  this  inquiry,  as  it  does  in  value  of  farm  property,  but  the  tax  assessors  of 
most  southern  states  do. 

One  method  of  testing  the  accuracy  of  these  estimates  of  wealth  is  to  compare 
the  value  of  all  property  |xr  family  with  that  of  farm  property  per  farm;  for  in 
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most  states  farm  prof)erty  is  more  valuable  than  all  other  real  estate  combined 
and  the  average  farm  is  a  one-family  institution.  The  numln'r  of  families  and  of 
farms,  together  with  the  value  of  farm  projierty,  in  any  state  or  county  on  Januar\ 

I,  1920,  is  easily  ast'ertaint“d  from  the  census;  and,  although  the  wealth  estimau> 
were  made  three  years  later,  we  probably  shall  not  Ik-  far  wrong  if  we  assume  that 
the  increase*  in  real  wealth  during  that  |)eriod  w.as  just  about  counterbalanced  bv  I 
the  decline  of  prices.  [ 

On  this  assumption  the  total  wealth  |)er  family  in  the  United  States  in  njjo  I 
Sl^Vloo,  as  com|)ared  with  S12.0S4  for  the  value  of  property  |>er  farm.  If  we  • 
eliminate  non-taxable,  or  public,  pro|)erty  (in  which  the  farmer  of  course  owns  hi>  I 
share),  the  wealth  |K*r  family  would  Ik*  alxiut  S12.250.  This  shows  that  the  average  I 
farm  family  in  this  country  is  nearly  as  pros|x*rous  as  the  average  city  family— 
which  may  Ik*  contrary  to  prevailing  impressions.  On  a  |K*r  capita  basis,  to  Ik*  sure.  ' 
there  would  Ik*  a  greater  difference,  since,  as  a  rule,  farm  families  are  larger  than 
city  families. 

\\’hen  we  consider  separate  states,  however,  we  find  some  variations.  In  Illinois.  | 
Iowa,  South  Dakota.  Nebraska,  and  California  the  average  farm  family  st*ems  to  t 
Ik*  alKHit  tw  ice  as  wealthy  as  the  average  family  (or  iK*rhaps  thri*e  or  four  times  as 
wealthy  as  the  average  city  family),  while  toward  the  other  extreme  (omitting  a 
few  states  that  have  less  than  to  |x*r  cent  of  their  |K)pulation  on  farms)  are  Maine, 
New  flam|)shire,  1‘ennsylvania.  Delaware,  West  \’irginia,  Michigan,  and  st*veral  I 
southeastern  states,  with  alxmt  twice  as  much  prosjwrity  in  the  state  as  a  whole  as 
on  farms.  .Statistics  of  illiteracy  and  magazine  circulation  also  show  a  greater 
difference  lK*tweK*n  city  and  country  in  the  South  than  in  the  North  and  West. 

We  may  next  inquire  what  states  gained  or  lost  wealth  during  the  recent  war 
IK*riod.  Taking  the  census  figures  literally.  North  Carolina  increased  |)er 

cent  in  jK'r  capita  wealth  lK*tween  1912  and  1922,  Tennessee  113.6  [K*r  cent,  and 
•South  Dakota  11 2.9  |K*r  cent;  while  at  the  other  extreme  were  Oklahoma  with  12 
}K*r  cent  increast*  and  North  Dakota  with  11.6  jier  cent  increase.  Thost*  which  I 
gainerl  less  than  56  |K*r  cent  and  were  therefore  really  |XK)rer  were,  in  descending  | 
order.  New  Jersey,  Indiana,  Kentucky,  Oregon,  Washington,  Nevada,  Alabama,  ) 
•Arkansas,  Minnesota,  Kansas.  Montana,  Nebraska.  New  York,  Te.xas,  Illinois,  j 
Iowa,  Colorado,  California,  the  District  of  Columbia,  Oklahoma,  and  North 
Dakota. 

So  great  variations  among  different  states  are  hard  to  explain,  and  one  might 
be  inclint'd  to  sus|K*ct  that  the  estimates  are  not  very  accurate.  The  figures  can 
Ik*  checked  to  some  extent  by  comparing  the  changes  in  value  of  farm  propc*rty  })t*r 
farm  between  1910  and  1920 ’with  the  changes  in  estlmati*d  |)er  capita  wealth  be¬ 
tween  1912  and  1922;  for  it  does  not  seem  likely  that  total  wealth  could  increase 
much  while  farm  projK*rty  declineil  in  value,  or  vice  versa,  except  in  densely  jiopu- 
lated  states  where  farming  is  relatively  insignificant. 

The  states  which  increased  lx)th  in  value  of  projierty  jwr  farm  and  in  per  cajuta 
wealth  during  the  war  and  the  years  immediately  before  and  after  it  (making  al¬ 
lowance  f«)r  the  decline  in  purchasing  |K)wer  of  the  dollar),  were  South  Dakota, 
Florida,  Tennesst*e,  and  North  Carolina;  and  they  must  therefore  be  regarded  as 
having  rather  enterprising  (or  at  least  fortunate)  inhabitants.  .Arizona,  New  .Mex¬ 
ico,  South  Carolina,  ('»f*orgia,  Utah,  and  Virginia  increased  perceptibly  in  one 
piirticular  but  did  not  change  much  in  the  other;  .Missouri,  Ohio,  Kentucky,  and 
Louisiana  kept  alxjut  the  same  rank  in  lK)th;  Illinois,  Kansas,  Texas,  Oklahoma,  and 
.Alabama  held  their  own  in  one  and  declined  in  the  other;  while  Nevada,  the  District 
of  Columbia,  California.  North  Dakota,  Washington,  Montana,  and  New  A'ork 
di*clint*d  in  Iwth  resix?cts  and  therefore  presumably  lowered  their  standards  of 
living.  The  remaining  22  states  gave  contradictory  results,  gaining  in  one  res|x*ct 
and  losing  in  the  other. 
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i  \\hethcr  the  changes  in  standards  of  living  that  have  been  indicated  above  are 
I  due  mainly  to  the  migration  or  dying  off  of  su|K?rior  or  inferior  individuals  or  to 

I  changes  in  the  prosperity  of  the  same  individuals  or  in  the  size  of  families  cannot 

j  be  told  from  the  data  available  but  deserve  careful  investigation  in  the  states  that 

!  have  shown  the  greatest  changes.  The  agricultural  census  of  the  United  States 

that  is  planned  for  1925  should  throw  considerable  light  on  the  subject,  at  any  rate 
in  the  southern  and  western  states. 

Roland  M.  Harper 

I 

Some  Recent  Geographical  Bibliographies  with  Special  Reference  to  North 
i  America.  .American  students  undertaking  mature  studies  in  the  regional  gwjgraphy 
of  their  own  continent  cannot  afford  to  neglect  two  Eurofx-an  bibliographies  that 
I.  cover  the  subject.  In  the  iieriodically  issuecl  volumes  of  the  French  Biblio^raphie 
Geographtqtie  and  of  the  (German  Geographisches  Jahrbuch  will  1h*  found  the  only 
I  critical  lists  in  existence  of  recent  publications  on  the  regional  geography  of  North 
America. 

i  The  Bibliographic  Geographique  was  reviewed  in  the  Geographical  Reviru;  for  192.^ 

^  iVol  l.v  p.  4H0),  and  a  plan  for  the  co-oi)eration  of  the  .American  (ieographical 

I  .Wiety  in  its  future  publication  was  announced  in  the  July,  1924,  number  of  the 

j  Rreieu',  page  4fx).  The  Geographisches  Jahrbuch  first  apjxared  in  tHWi  and  has 

I*  been  continuously  edited  since  18H0  by  the  veteran  |)rofessor,  Hermann  Wagner,  of 

I  the  University  of  Gottingen.  Each  volume  contains  a  serif's  of  summaries  of  the 

I  progress  of  recent  investigation  in  various  departments  of  geography  with  abundant 

footnote  references  to  lxx)ks.  articles,  and  maps.  Summaries  dealing  with  the  siime 
’I  topic  arc  not  repeated  in  every  successive  volume  but  only  after  intervals  the  du- 
I  ration  of  which  defends  largely  ujion  the  relative  importance  of  the  topic  itself. 

'  The  current  numlx*r  of  the  Geographisches  Jahrbuch,  \'ol.  .t9.  I9ii>-2.t.  was  pub- 

■  lished  in  the  spring  of  this  year  (1924).  The  dates  “  1919-2.^”  on  the  title  page  are 
misleading,  for  the  actual  contents  of  the  volume  deal  in  large  part  with  publica- 

^  tions  of  an  earlier  date  than  1919.  Summaries  are  given  of  the  progre.ss  of  recent 

z  investigation  in  the  following  fields  (figures  in  parentheses  indicate  the  number  of 

J  footnotes  and  hence,  essentially,  the  numlx*r  of  publications  referred  to);  historical 

I  geography  of  the  Roman  West,  1910- 1914  {50<>);  geographical  meteorology.  1912- 

^  I9i(>  (i.stxj);  the  geomorphology  of  the  earth's  crust  {Dynamik  der  feslen  Erdrinde), 

;  191,^-1921  (858);  geophysics  (129);  regional  geograi)hy  of  .Africa,  191,^-1922  («)<)t): 

'  and  regional  gi-ography  of  North  .America  north  of  .Mexico,  1914-1921  (1076). 

We  wish  to  call  particular  attention  to  the  last-named  summary.  FVofes.sor 
Kurt  Hassert  of  Dresden  here  continues  and  brings  nearly  to  date  a  series  of  similar 

■  reviews  contributed  by  Professor  Emil  Deckert  to  the  Jahrbuch  for  1914  and  preced- 

-  ing  years  (for  references  see  j.  K.  Wright:  .Aids  to  (ieographical  Research.  Amer. 

Geogr.  Soc.  Research  Series  So.  10,  New  York,  192;;,  p.  42,  footnote  5.  No.  30). 
:  Professor  Hassert  introduces  his  study  with  apologies  for  omissions  and  plants 

out  the  handicaps  under  which  he  lalxxed  in  obtaining  .American  publications  as  a 
I  result  of  the  war  and  of  post-war  conditions  in  Germany.  These  apologies,  we  feel, 
"  are  hardly  necessary.  The  compiler  seems  to  have  “caught”  not  only  everything 
that  is  obviously  essential  but  also  a  large  quantity  of  imjxjrtant  and  interesting 
I  items  buried  in  government  documents  and  in  obscure  jxriodicals  and  society  pro¬ 
ceedings.  It  is  a  revelation  to  scan  his  list  and  to  observe  the  wide  range  of  dis¬ 
tinctively  geographical  writings  that  is  being  produced  by  various  agencies  in  this 
I  country.  The  material  is  admirably  organized  and  presented  in  systematic  order. 
No  less  than  73  references  are  given  to  publications  on  the  “continent  as  a  whole,” 
including  a  suggestive  group  on  the  Norse  voyages.  Some  76  references  are  to  pub¬ 
lications  on  .Alaska.  To  British  North  .America  there  are  devoted  at  least  418,  and 
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to  the  United  States  as  many  as  708.  The  material  on  the  United  States  includes 
discussions  of  contributions  to  the  study  of  natural  regions,  geology,  climate,  plant 
geography,  problems  of  population  and  race  (10  references  on  the  negro  question), 
economic  geography,  history  of  geography  and  exploration,  followed  by  subsections 
devoted  to  the  various  regions  of  the  country,  with  some  361  references  to  regional 
studies. 

Two  other  recent  works  relating  exclusively  to  North  America  also  deserve 
mention.  First  there  is  the  United  States  Bureau  of  Kfficiency's  “Report  on  the 
Statistical  Work  of  the  United  States  Government  Submitted  to  Congress  in 
Pursuance  of  the  Acts  of  March  i,  1919  and  Novemlx'r  4,  1919,”  Government  Print¬ 
ing  Office,  Washington,  1923.  This  volume  is  a  statement  regarding  the  statistical 
activity  and  publications  of  the  various  bureaus,  offices,  commissions,  and  services 
of  the  government.  The  second  publication  is  John  M.  Nickles’  “(ieologic  Litera¬ 
ture  on  North  .\merica,  178.3-1918,”  Part  I,  Bibliography  (forming  U.  S.  Geol. 
Sur'ev  Bull.  746);  Part  II,  Index  (forming  l\  S.  Geol.  Survey  Bull.  747),  Government 
Print  ig  Office,  Washington,  1923.  This,  as  is  explained  in  the  introduction,  is  in 
the  m.iin  a  cumulation  of  the  series  of  bibliographies  of  North  .American  geologv 
that  have  hitherto  Iieen  issut'd  as  Bulletins  of  the  U.  S.  Geological  Survey,  “though 
many  titles  not  found  in  these  bulletins  have  been  added  as  a  result  of  the  examina¬ 
tion  of  the  bibliographies  on  particular  subjects  issued  by  the  Survey  and  many  other 
special  bibliographies  and  from  other  sources.”  Nickles’  volumes  will  l>e  indis))en- 
sable  for  the  gtHigrajiher  in  search  of  material  on  the  physiography  or  mineral  re¬ 
sources  of  the  continent. 

Finally,  reference  should  Ik-  made  to  a  work  of  more  general  scope:  Edward  R. 
Mathews’  “Catalogue  of  Published  Bibliographies  in  (ii-ology,  1896-1920”  (Bull. 
Nall.  Research  Council,  No.  36,  \’ol.  6,  Part  \’,  October,  1923).  This  is  a  simplified 
continuation  of  Kmmanuel  de  Margerie’s  famous  “Catalogue  des  Bibliographies 
Gtologicjues.  ”  Paris,  189.3,  and  forms  a  list  of  bibliographies  dealing  w  ith  all  branches 
of  gt-ology  in  all  parts  of  the  world.  .Arranged  by  topics  and  supplied  with  an 
authors’  index,  it  incidentally  includes  references  to  bibliographies  of  the  highest 
geographical  value. 

EUROPE 

The  View  from  Mont  Blanc:  Switzerland  As  Seen  from  the  Air.  .A  clear  view  of 
the  entire  horizon  from  a  high  mountain  in  our  stormy  latitudes  is  rarely  to  be  had 
even  by  the  mountaineer.  M.  Paul  Helbronner  by  means  of  a  remarkable  panorama 
has  made  it  possible  for  the  sedentary  reader  to  study  the  details  of  the  immense 
prosjvect  from  Mont  Blanc  and  to  enjoy  its  marvelous  colors.  Painted  in  i89<)-i90o 
from  photographs  taken  in  1891  and  1893,  the  panorama  has  recently  l>een  published 
in  photogravure  repriKluction  (Paul  Helbronner:  Description  gfem^trique  d^taillee 
des  .Aljves  francaist-s.  .Annexe  du  Tome  Second,  I^s  origines  iconographiques  de 
I’oeuvre  geodesique,  Paris.  1921,  Feuilles  I  i  XIll.  On  the  geodetic  work  of  Hel¬ 
bronner  as  a  whole  see  Lm  Geographie,  Vol.  37.  1922.  pp.  I17-131).  The  thirteen 
sheets  of  the  |)anorama  pasted  together  form  a  strip  19  feet  8  inches  long  by  25 
inches  wide.  -A  key  in  black  and  w  hite  4  Vi  inches  wide  is  given  Ixneath  the  colored 
strip  (upon  which  no  names  are  written)  making  it  po.ssible  to  identify  the  details 
of  the  view. 

The  |K)rlfolio  containing  the  panorama  also  includes  views  of  the  summit  of 
Mont  Blanc  and  its  surrounding  peaks  from  lesser  eminences  in  the  immediate 
vicinity.  These  show  the  light  effects  at  different  times  of  day.  Especially  im¬ 
pressive  is  a  view  of  Mont  Blanc  from  the  Col  de  Geant  at  five  o’clock  in  the  morn¬ 
ing  in  .August.  The  rising  sun  tints  the  higher  snows  and  rocks  with  delicate  shades 
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of  n»e  and  orange  while  the  lower  crags  are  dark  purples  and  violets,  and  the  glacial 
ice  a  cold  blue. 

Though  no  photographs  can  vie  with  Hclbronner’s  water  colors  in  Ix'auty,  as  an 
aid  to  g»  ography-teaching  Dr.  Otto  Fluckiger’s  album  of  24.^  airplane  photographs 
of  .‘Switzerland  will  probably  be  even  more  valuable  (Die  -Schweiz  aus  der  Vogel- 
schau.  edited  with  introduction  by  Dr.  Otto  Fluckiger,  Zurich,  Munich,  and  Leipzig, 
1024'  The  geographical  significance  of  the  airplane  photograph  has  often  been 
commented  upon  (see,  for  instance,  \V.  T.  Lee:  The  h'ace  of  the  Karth  .\s  Seen  from 
the  Air,  Amer.  Geogr.  Soc.  Special  Publication  No.  4,  New  York,  1022),  but  Dr. 
Fliirkiger’s  volume  is  probably  the  first  in  which  a  large  number  of  airplane  photo¬ 
graphs  have  been  systematically  assembled  and  published  to  illustrate  the  geography 
of  j  fairly  large  area.  I n  the  introduction  the  editor  discusses  the  physiographic  and 
anthropogeographic  features  of  three  main  regions  of  Switzerland:  .Alps,  “Mittel- 
land,"  and  Jura.  .\  further  brief  explanation  interprets  the  sjiecific  and  typical 
()oints  of  geographical  interest  revealed  by  the  several  photographs.  So  widely  dis¬ 
tributed  and  carefully  selected  are  the  views  that  almost  no  element  in  the  visible 
geography  of  the  country  is  unrepresented  among  them:  complex  and  folded  moun¬ 
tains,  U-  and  \’-shafX'd  valleys,  nhes,  glaciers,  lakes,  rivers,  flood  plains,  deltas — 
all  are  displayed  in  a  variety  of  forms  in  each  case.  Views  of  rural  districts,  with 
their  diverse  [>atterns  of  field  and  wcKxlland  supply  an  abundance  of  material  for  the 
human  geographer.  Students  of  city  geography  more  particularly  will  profit  from 
studying  the  views  of  towns,  some  taken  at  sufficiently  low  levels  to  show  house 
forms.  rt)of  construction,  and  the  intimate  tracery  of  streets.  The  contrasting  as- 
jiects  of  the  country  at  different  seasons  are  revealed,  and.  though  most  of  the 
pictures  were  taken  in  clear  weather,  a  few  present  characteristic  views  of  clouds, 
haze,  and  mists  nestling  in  the  valleys. 

In  Helbronner’s  panorama  we  may  look  westward  across  the  Rhone  valley',  over 
the  site  of  Lyons  (the  city  il.self  is  masked  by  nearer  hills),  to  the  remote  sky  line  of 
the  .Ma.ssif  Central.  Eastward  the  eye  sweeps  out  to  the  plains  of  Piedmont  and 
the  northern  Apennines.  In  Dr.  h'luckiger’s  volume  large  portions  of  Switzerland 
arc  often  spread  out  below  us  in  a  single  plate;  one  photograph  embraces  virtually 
the  entire  Lake  of  Lucerne  with  a  vast  expanse  of  intervening  country.  Mountain 
panoramas  and  airplane  photographs  give  us  an  impression  not  only  of  the  detailed 
forms  and  apjiearances  of  the  various  features  which  they  depict  but  also  a  visual 
conception  of  areas  which  nothing  else,  short  of  actually  seeing  the  country  itself,  can 
give.  The  ini|K)rtance  of  training  in  the  visualization  of  areas  is  something  that 
ought  not  to  Ik*  overlooked  in  geographical  education. 

Ancient  Types  of  Rural  Dwellings  in  France.  .\  generation  ago  .Meitzen  wrote 
his  great  tomes  on  settlement  and  agriculture,  and  a  famous  section  of  his  work 
dealt  with  old  types  of  houses.  He  ascribed  the  agglomerated  village  with  its 
cornfields  apportioned  in  strips  in  France  to  the  (iermanic  invaders  of  post-Roman 
times,  and  with  this  came  the  idea  that  the  (iallic  house  was  a  modification  of  the 
(ierman  house.  It  is  said  to  have  a  steep  roof,  usually  of  thatch,  facade  under 
the  edge  of  the  roof,  rectangular  shape  with  the  shorter  side  of  the  rectangle  under 
the  gable,  a  yard,  one  room  for  human  l)eings  and  one  for  animals  at  first,  and  a 
barn  above  under  the  roof,  .\Il>ert  Dauzat  in  a  recent  paper  in  Im  Nature  (Jan¬ 
uary  26,  1924),  however,  shows  that  when  one  goes  up  into  the  Pyrenees  from  the 
plain  of  the  Garonne  and  when  one  goes  up  into  the  .Alps  from  the  Rhone  near 
Lyons  one  goes  from  the  Mediterranean,  or  later,  type  of  house,  with  fairly  flat 
roof  and  other  features  detailed  by  the  author,  to  this  Gallic  type.  In  other  words 
he  infers  a  spread  of  a  later  type  in  the  plains  both  up  the  Rhone  to  about  Tournus, 
with  an  important  island  beyond,  and  down  the  Garonne  and  northward  in  a  coastal 
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zone  to  the  I.oire;  and  he  concludes  that  this  limited  the  distribution  of  an  oldtr  ! 
type  which  he  calls  (lallic  and  supixjses  to  date  back  to  Roman  times  or  beyond 
His  Norman  type  of  house  has  its  distribution  interestingly  correlated  with  that  of 
several  types  of  place  names  and  with  features  of  land  tenure;  it  is  often  built  with  1 
timlter  Iteams  in  the  facade.  Among  his  other  types  are  the  Flemish  or  RhenUh 
(Ciermanic),  the  Alpine,  the  Jurassic,  the  Basque,  and  others.  .\  very  interesting 
map  accompanies  the  article,  obviously  a  sketch  to  Ire  amplified  by  further  work; 
many  striking  departures  from  what  might  Ire  considered  getrgraphic  controls  are 
noted.  Lack  of  coincidence  Ix'tween  Iroundaries  of  house  types  and  boundarie> 
of  dialect  is  explained  on  the  basis  that  the  first  conforms  to  relations  chiefly  fn)ni 
the  first  to  the  fifth  century  A.  D.,  while  the  second  became  fixed  from  the  seventh 
to  the  eleventh.  More  mrrdern  changes  are  noted  here  and  there. 

H.  J.  Fleire 

The  Geographical  Position  of  Budapest.  In  the  International  Edition  of 
Foldrajzi  Kozlemenyek:  Bulletin  of  the  Hungarian  Geographical  Society  (Vol.  41-46. 
1913” 1 9.  Budapest,  1923,  pp.  1-29)  there  is  an  article  in  English  by  Dr.  Eugen  de 
Cholnoky  entitled  "The  (ieographical  Position  of  Budapest.”  a  welcome  contri¬ 
bution  to  a  growing  literature  on  city  geography  (see  M.  Aurousseau:  Recent  Con¬ 
tributions  to  Urban  Geography:  A  Review.  Geogr.  Rev..  Vol.  14.  1924,  pp.  444-455). 

Dr.  Cholnoky  divides  the  Hungarian  basin  into  six  main  productive  regions.  Sep. 
arating  these  he  conceives  of  market  lines  along  which  market  places  and  market 
towns  have  sprung  into  existence  where  an  exchange  of  the  products  of  the  different 
regions  takes  place.  Among  these  lines  the  most  inifKtrtant  is  one  which  runs  from 
the  vicinity  of  Agram  (Zagreb)  northeastward  to  S^toraljaujhcly  along  the  south 
eastern  foot  of  the  highland  zone  separating  the  two  plains  of  Hungary,  the  (ireater 
from  the  Lesser  Alfold.  normal  jKJsition  for  a  great  city  is  at  or  near  the  iM»int 
where  the  Danube  cuts  through  the  highland  zone  and  across  this  market  line.  This 
pas.sage  of  the  Danulx',  centrally  located  in  relation  to  the  entire  Hungarian  basin, 
is,  in  the  words  of  Dr.  Cholnoky,  "a  remarkable  spot  full  of  geographical  energy." 
It  was  essentially  this  circumstance  that  determined  the  growth  of  BudajK'st 
after  the  frontier  of  settlement  had  finally  swept  eastward  into  the  (ireater  .\lf6ld. 

A  combination  ofdocal  to|X)graphic  circumstances  has  favored  the  development 
of  the  town  in  its  immediate  site:  the  presence  of  a  suitable  river  crossing  here  and 
here  alone  in  a  stretch  of  many  miles  up  and  down  stream;  easy  land  communica¬ 
tion  with  the  Little  Alfold  by  way  of  the  transverse  valley  of  V’orbsv^r  through  the 
uplands  to  the  northwest;  a  strong  citadel  in  the  fortress  hill  of  Buda;  an  abundana- 
of  local  building  material. 

Space  forbids  our  following  Dr.  Cholnoky’s  illuminating  discussion  of  the  interior 
geography  of  Budai)est,  of  the  relations  of  the  city  to  fluvial  terraces,  or  of  the 
floods  to  which  the  built-up  section  has  occasionally  l>ecn  subjected  where,  in  part, 
it  occupies  an  abandoned  channel  of  the  Danulw.  The  article  is  illustrated  by  a 
block  diagram  of  the  “morphology  of  the  surroundings  of  Budapest.”  The  author, 
though  he  has  succeeded  admirably  in  representing  the  surface  features  upon  this 
diagram,  has  made  no  attempt  to  indicate  the  subterranean  structure. 

Distribution  of  Population  in  Norway.  Sten  De  (Peer’s  admirable  map  of  dis¬ 
tribution  of  j)eople  in  Sweden  (1917)  has  been  extended  to  Norway  by  one  of  his 
pupils,  Alfred  Soderlund,  with  the  same  method  of  representing  each  too  people 
by  a  black  dot  one  millimeter  in  diameter,  and  towns  of  more  than  3000  people  by 
spheres  whose  volume  represents  the  numlier  of  their  inhabitants  on  the  same  scale. 
The  result  is  a  vivid  presentation  of  the  way  the  |)eople  of  Norway  cling  to  the 
coasts  and  the  st>utheastern  valleys,  both  city  folk  in  75  towns  and  cities  and  the 
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dttt'lUrs  in  the  country  (see  Fig.  2,  p.  507,  a  reproduction  on  a  reduced  scale  of 
,wo  i>ortions  of  the  map). 

Norwegian  authorities  (Norges  Geografiske  Opmiling  og  det  Statistiske  Cen- 
tralhyri)  who  publish  the  work — ‘  Folketetthetskart  over  Norge.”  Christiania.  1922, 
and  text,  “  Befolkningens  Fordelingen  i  Norge."  Christiania,  1023 — adopti'd  a  scale 
of  1;  1.000.000,  half  that  of  De  Geer’s  map  for  Sweden.  Probably  on  that  account 
Sttderlund  has  omitted  many  of  the  physiographic  and  forestry  data  included  on 
He  (  ieer’s  map,  limiting  himself  to  black  dots  for  population,  red  lines  of  communi¬ 
cation,  blue  for  hydrography  and  boundaries  on  a  flat  yellow  tint,  with  an  abundant 
selection  of  place  names  in  light  brown — all  very  clear.  The  smaller  scale  has  of 
course  the  advantage  of  getting  all  Norway  into  the  space  of  two  sheets,  which 
makes  for  ease  of  inspection.  The  distribution  here  shown  was  remarkably  foretold 
by  the  impressionistic  map  in  i;3,txx),ooo  published  by  the  government  in  the 
Aork  “Norway,”  prepared  in  iQoo  for  the  Paris  exposition;  but  Soderlund's  work 
idds  detail  and  expression,  besides  including  the  cities,  which  of  course  belong  if 
the  city  folks  are  really  folks.  It  is  a  picture  of  an  inhospitable  land,  to  every  soil- 
covered  spot  of  which  men  cling  in  swarms,  everywhere  close  to  great  exjianses  of 
desert  wastes.  The  cultivable  earth  is  scarce.  Only  about  Christiania  Fiord  and 
Lake  M  josen  in  the  southeast  are  continuous  patches  of  as  much  as  a  hundred  square 
miles  of  tillable  soil  to  be  found.  There  live  half  the  people  of  the  country.  People 
swarm  too  in  the  great  eastern  valleys  that  lead  out  from  the  Christiania  region  to 
the  north  and  west — Ostendal,  Gudbrandsdal,  V’aldres,  Hallingdal,  and  Numesdal. 
In  Gudbrandsdal,  especially,  no  mile  is  without  human  habitations,  though  Norway 
is  one  of  the  most  sparsely  peopled  countries  in  the  world.  For  this  narrow  strip 
of  culture  lies  between  twenty-mile-wide  expanses  of  desert  fell  to  right  and  left. 
The  empty  fell  comes  close  to  Christiania  itself  on  the  east  and  north,  widening  out 
notably  in  the  western  interior  into  the  great  wastes  of  the  Hardanger  Vidda,  Jotun- 
heim  and  Dovrefjell.  But  the  coast  settlements  show  most  surprising  continuity. 
Along  the  1700-mile  coast  (in  detail  it  develops  into  a  12,000-mile  coast)  it  is  only 
in  the  remotest  north  that  one  can  find  a  ten-mile  stretch  without  inhabitants. 
Fast  of  Christiansand  (latitude  38°  N.)  there  are  650  people  to  each  linear  mile  of 
coast,  north  of  Trondhjem  there  are  170,  near  Bodo  220,  and  at  Hammerfest  120. 
The  coast  zone  in  which  these  people  are  included  is  20  to  40  miles  wide,  the  whole 
labyrinth  of  fiord,  valley,  and  island  passages  making  up  the  Norwegian  coast. 
Except  in  the  Christiania  region  the  Norse  jieople  live  close  to  the  sea  but  almost 
invariably  at  the  edge  of  an  empty  upland  whose  desert  surface  overhangs  the  salt 
water  of  the  Atlantic. 

Mark  Jefferson 

On  the  Late  Quaternary  History  of  the  Baltic:  A  Reply.  In  an  article  “On 
the  Late-Quaternary  History  of  the  Baltic”  (Geol.  Foren.  Fdrhandl.,  \’oL  46,  1924, 
pp.  172-179,  Stockholm)  Henrik  Munthe  gives  his  latest  views  of  the  late-Pleisto- 
cene  changes  of  level  of  the  Baltic  esjK'cially  as  far  as  they  disagree  with  views  ex¬ 
pressed  by  the  undersigned  (“On  the  Late-glacial  and  Post-glacial  History  of  the 
Baltic,”  Geogr.  Rev.,  V’ol.  12,  1922,  pp.  f)02-6i2). 

The  highest  limit  of  the  Baltic  ice  lake  before  its  drainage  at  the  northern  end  of 
Mt.  Billingen  is  put  40  to  55  meters  higher  than  previously,  and  the  highest  marine 
limit  on  the  western  side  of  southern  Billingen  about  20  meters  higher.  The  amount 
of  the  drainage  of  the  Baltic  ice  lake  at  the  northern  end  of  Billingen  is  thus  l)elieved 
to  have  been  about  56  meters.  This  view,  however,  is  only  one  of  five.  (i.  Lund- 
qvist  (“Den  baltiska  issjons  tappning,”  Geol.  Foren.  Forhandl.,  \oL  43,  1921,  pp. 
381-385)  thinks  that  the  lowering  was  from  149  meters  to  132  meters;  S.  Johansson 
(“Baltiska  issjons  tappning,”  Geol.  Foren.  Fdrhandl.,  \oL  45,  1923.  PP-  392-39^), 
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without  giving  any  elevations  of  beaches,  thinks  that  the  lowering  exceeded  3^  jl 
meters;  M.  Sauramo  (“Studies  on  the  Quaternary  Varve  Sediments  in  Southern  II 

Finland,"  Bull.  Comm.  Giol.  Finlande,  No.  60,  1923,  pp.  125-128)  believes  that  {| 

no  drainage  worth  mentioning  took  place;  and  W.  Ramsay  ("On  Relations  Between  I 
Crustal  Movements  and  Variations  of  Sea  Level  During  the  Late-Quaternarv  | 

Time  Esjiecially  in  Fcnnoscandia,”  Bull.  Comm.  Giol.  Finlande,  No.  66,  1^24,  p  tl 

27)  thinks  that  the  sinking  was  from  149  meters  to  between  112  and  120  meters.  H 

It  is  imjwrtant  to  notice  that  Lundqvist  and  Ramsay  agree  regarding  the  elevations  fl 

of  the  i)eaches  although  they  disagree  alK)Ut  their  relative  age.  The  beaches  to  {■ 

which  they  attach  importance  also  have  been  studied  by  other  geologists.  There-  II 

fore  .Munthe’s  new  figures  appear  to  be  doubtful  or  to  belong  to  small  lakes  p«)nded  H 

between  the  south-Swt“dish  highland  and  the  receding  ice  sheet.  Whether  Lund-  tl 

qvist’s  or  Ramsay’s  view  is  the  correct  one  is  difficult  to  judge  at  present.  The 
drainage  of  the  Baltic  ice  lake  at  the  northern  end  of  Hillingen  consequently  may  i 

have  amounted  to  17  meters  (Lundqvist)  or  Ixjtween  29  and  37  meters,  say  33  meters  | 

(Ramsay).  The  threshold  between  Falster  and  the  C«erman  mainland,  the  Darsser  | 

Schwelle,  now  reaching  to  within  18  meters  of  the  surface,  at  that  time  must  have  I 
stood  at  least  (18  +  17)  3,3  meters  or  (18  -f  33)  51  meters  higher  than  now  . 

The  depressions  in  the  Oresund,  the  Belts,  and  the  Cadet  Rinne  in  the  Darssc-r 
Schwelle  are  by  Munthe  still  believed  to  be  old  river  channels.  Fortunately  there 
is  an  excellent  bathymetrical  map  of  the  region  (Hans  Spethmann;  Tiefenkarte  der 
Beltsee,  Petermanns  Mitt.,  Vol.  57,  II,  1911,  pp.  246-251,  PI.  29).  This  map  shows 
that  the  oblong  depressions  are  separated  by  thresholds  that  are  very  high  and 
wide.  In  the  Little  Belt,  with  the  exception  of  a  small  kettle-shajicd  hole  81 
meters  deep,  deep  parts  are  lacking;  wide  sills  rise  even  to  l)etween  20  and  10  meters 
from  the  water  surface.  But  the  deep  hole  of  8l  meters  in  Munthe’s  mind  neverthe¬ 
less  indicates  the  base  of  river  erosion  in  Ancylus  time.  The  dejiressions,  as  Gerard 
De  C'leer  i)ointed  out,  most  probably  mark  lines  of  fracture.  Their  present  shajw 
may  be  due  partly  to  the  activity  of  the  land  ice. 

Of  the  facts  set  forth  by  Munthe  as  proof  that  the  Baltic  during  the  .Ancylus  stage 
was  a  lake  and  not  an  inland  sea.  only  one  is  new.  It  is  also,  after  more  than  33 
years,  the  first  one  of  value;  while  the  old  facts  can  be  readily  explained  under  the 
assumption  that  the  Baltic  of  that  time  was  an  inland  sea.  The  new  fact  is  the  exist¬ 
ence  of  an  outlet  channel  in  central  Sweden  of  the  Baltic  during  Ancylus  time. 

The  threshold  lies  about  15  meters  above  the  contem|>oraneous  sea.  while  the 
level  of  the  Baltic  stood  20  meters  alxtve  the  then  sea. 

Ernst  .Antevs 


Ice  Sheets  and  Isostasy :  Relations  in  Fenno-Scandia.  The  relationship  between 
the  North  Eurojiean  ice  sheet  and  the  late-glacial  and  post-glacial  changes  of  level 
of  Fenno-Scandia  are  discussed  in  a  recent  paper  by  .Albrecht  Penck  (“Glaziale 
Krustenbewegungen,"  Sitzungsber.  Preuss.  Akad.  der  H'ijj.,  Vol.  24,  1922,  pp. 
305-314).  He  starts  from  T.  F.  Jamieson’s  theory — accepted  by  Cierard  De  Gc*er 
in  1890 — that  the  jiost -glacial  elevation  of  the  glaciated  regions  was  due  to  the 
disappearance  of  the  ice  which  had  locally  weighed  down  the  earth’s  surface  and 
pressed  out  the  underlying  magma  to  the  regions  lying  outside  the  glaciated  area. 

From  the  estimated  volume  of  the  last  ice  sheet,  whose  average  thickness  is 
assumed  to  have  betMi  1000  meters,  the  amount  of  the  magmatic  displacement  is 
calculated.  The  volume  of  the  magma  returned,  figured  from  Henrik  Munthe’s 
isobases,  is  found  to  be  only  one-fourth  of  the  quantity  probably  pressed  out.  The 
great  difference  is  due  to  various  causes.  In  the  first  place  the  elevation  is  greater 
than  the  isobases  suggest  because  of  the  rise  of  sea  level  as  the  water  imprisone<i 
in  the  ice  sheets  was  restored  to  the  sea.  This  rising  may  have  amounted  to  about 
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40  meters.  In  the  second  place  upheaval  occurred  while  the  land  was  still  covered 
by  ice.  .Assuming  a  uniform  rise,  7000  years  is  found  to  be  the  length  of  post-glacial 
time  (it  should  be  8500)  and  3000  years  as  the  time  of  ice  retreat  from  across  Sweden. 
Using  Munthe's  isobases  the  author  finds  that  the  probable  average  upheaval  of 
Fenno-Scandia,  taking  into  consideration  the  rise  of  sea  level,  amounts  to  212 
meters.  In  the  third  place  the  true  zero  isobase  lay  far  outside  the  apparent  one. 
The  area  of  upheaval  practically  coincided  with  the  area  of  glaciation. 

Even  so,  there  is  a  great  difference  in  the  amount  of  magma  pressed  out  and 
returned.  This  difference,  however,  is  natural.  Magma  is  still  flowing  towards 
the  now  rising  area  of  Fenno-Scandia. 

Theoretically  it  is  probable  that  the  rising,  from  being  zero  at  the  beginning  of 
the  ire  retreat,  increased  and  reached  a  maximum  after  the  disappearance  of  the 
ice  in  order  to  decrease  gradually  to  zero.  This  hypothesis  seems  to  be  supported 
bv  A.  (i.  Hogbom’s  survey  of  the  oscillations  of  level.  Under  the  assumption  that 
the  rhythm  expressed  by  Hogbom’s  curves  of  the  oscillations  for  central  and  north¬ 
ern  -Sweden  occurred  in  the  whole  of  Fenno-Scandia,  it  is  argued  that  the  rate  of 
upheaval  increas<-d  from  practically  zero  during  the  15th  millennium  before  the 
Christian  era  to  a  marked  maximum  during  the  8th  millennium  after  which  it  fell 
to  an  unimiwrtant  minimum  during  the  5th  millennium,  rose,  and  slowly  decreased 
down  to  the  present.  Much  the  same  problems  are  discussed  by  Fridtjof  Nansen 
in  “The  Strandflat  and  Isostasy”  (see  Ixdow). 

However  interesting  Penck’s  calculations  are,  they  must  not  be  taken  too  literally, 
since  tt)  a  large  degree  they  are  based  U{X)n  more  or  less  unknown  conditions.  In 
the  first  place,  it  does  not  seem  likely  to  the  undersigned  that  magma  corresponding 
to  the  weight  of  the  ice  ever  was  pressed  out  from  the  glaciated  area.  The  ice  prob¬ 
ably  Ix'gan  to  retire  Ix'fore  equilibrium  was  reached,  judging  from  the  fact  that 
stability  is  not  yet  reached  in  the  Baltic  region  so  many  thousand  years  after  the 
disapjx-arance  of  the  load.  Therefore  the  amount  of  outpressed  magma  calculatt'd 
from  the  volume  of  the  ice  sheet  may  be  too  large.  In  the  second  place  the  figure  212 
meters  as  the  average  amount  of  elevation  is  quite  arbitrary.  In  reality  it  represents 
the  average  upheaval  under  the  given  conditions  during  the  last  12,000  years. 
Rising  probably  occurred  before  that  time.  Therefore,  and  because  the  upheaval 
has  been  very  irregular,  we  are  not  yet  in  a  position  to  estimate  the  actual  rise. 
The  position  of  the  zero  isobase  at  the  time  of  the  greatest  depression  is  not  known. 
Hut  at  the  uncovering  northern  (iermany  stood  above  the  sea  level  of  that  time 
and  actually  at  least  as  high  as  at  present,  provided  that  the  sea  level  did  not  stand 
more  than  some  40  to  50  meters  lx*low  that  of  the  present  time. 

The  rhythm  of  the  oscillations  of  level  in  Sweden  may  not  have  been  that  as.sumed 
by  Penck,  who  follows  Hogbom’s  survey.  The  subject  is  being  studied  by  essen¬ 
tially  new  methods  by  Gerard  De  Geer,  Ci.  Lundqvist,  and  others;  and  our  view  of 
it  is  likely  again  to  undergo  fundamental  changes.  The  present  rise  of  Fenno- 
Scandia  is  only  partly  a  direct  continuation  of  the  ix)st-glacial  rise.  So,  for  instance, 
Bohuslan,  which  is  now  rising  at  a  rate  of  4  millimeters  a  year  (10  meters  in  2500 
years),  takes  practically  the  same  level  as  it  did  2500  years  ago. 

Ernst  .Antevs 


The  Strandflat  and  Isostasy:  A  Further  Comment.  Fridtjof  Nansen’s  imjxirtant 
work  "The  Strandflat  and  Isostasy”  (1922)  was  briefly  reviewed  by  Professor  \V. 
M.  Davis  in  the  Geographical  Review,  Vol.  13,  1923,  pp.  646-647.  The  present 
writer  would  here  enlarge  upon  one  of  the  aspects  of  the  work — the  problem  of 
isostasy  and  late- Pleistocene  changes  of  level  in  the  Fenno-Scandian  area  (com[)are 
the  preceding  note). 
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The  Norwegian  strandflat  may  have  been  formed  by  the  joint  action  of  suhaerial 
erosion  by  frost,  local  glaciers,  etc.,  and  of  marine  shore  denudation  by  frost  and 
wave  action  since  the  coast  had  been  dissected  by  numerous  fiords  and  channels  and 
es|)ecially  l)efore,  during,  and  after  each  glacial  {)eriod.  On  the  whole,  the  levels 
of  the  strandflat  apjH*ar  now  to  stand  at  similar  inronsiderable  heights  above  the 
sea  in  all  parts  of  the  Norwegian  coast  where  they  have  been  studied.  .A  com|)uta- 
tion  of  existing  data  on  the  late-glacial  and  fxjst -glacial  upheaval  of  the  Norwegian 
coast  regions  from  Christiania  to  the  Kola  Peninsula  tends  to  show  that  this  up¬ 
heaval  has  proceedwl  with  remarkable  regularity  and  uniformity.  These  facts 
constitute  conclusive  evidence  that  the  earth’s  crust  in  these  regions  has  verv 
nearly  returned  to  the  same  horizontal  }K>sition  it  had  btdore  the  last  glacial  sub¬ 
mergence,  except  that  the  shore  line  then  st<x)d  jx-rhaps  l>etween  to  and  17  meters 
higher,  in  relation  to  the  land,  than  it  does  now.  “The  uniform  relation  which 
we  have  found  Itetween  the  heights  of  the  observed  upper  limit  of  late-glacial  suh-‘ 
mergence  and  those  of  the  Tajies  line  confirms  in  a  striking  manner  the  correctness 
of  these  conclusions”  (p.  27.^).  The  upheaval  of  the  land  along  the  whole  Nor¬ 
wegian  coast  may  have  practically  ended.  The  Tajies-Littorina  submergence — the 
only  interruption  of  the  upheaval  which  Nansen  discusses — cannot  be  explained  as 
an  isostatic  phenomenon  but  may  be  due  to  transgression  because  of  rapid  rise  of 
the  sea  level  while  Fenno-Scandia  extxrpt  South  Sweden  was  slowly  rising.  The 
rise  of  the  sea  may  have  been  due  to  the  melting  of  ice  caps  and  glaciers  because  of 
the  high  tem|ierature  at  that  time.  The  subsequent  drop  in  temperature  may  have 
caused  an  increase  of  the  ice  caps  and  sinking  of  the  sea- level.  The  different  stages 
or  interruptions  in  the  upheaval  of  the  land,  marked  by  a  series  of  marine  terraces 
and  raised  beaches  along  the  coast  of  Norway,  may  be  similarly  explained. 

Thus,  the  strandflat  probably  since  pre-glacial  time  has  represented  the  level  of 
isostasy  at  times  when  the  land  was  not  depressed  by  a  load  of  ice;  for  otherwise  it 
seems  to  be  inconceivable  that  the  crust  should  always  return  to  the  same  hori¬ 
zontal  level  after  each  depression.  Thus,  it  may  be  inferred  “that  the  earth’s 
crust  is  on  the  whole  ver\’  resjKmsive  to  disturbances  of  its  equilibrium  and  has  a 
great  ability  to  re-establish  it.  .After  a  sufficient  time  it  will  attain  its  level  of  isostasy 
at  least  within  some  few  meters”  (p.  296). 

The  vertical  coastal  movements  in  Fenno-Scandia  are  explained  in  the  old  well- 
known  way  essentially  by  outpressing  and  subsequent  return  of  magma  caused  b\ 
the  loading  and  the  subsequent  unloading  of  the  ice. 

Calculating  on  the  basis  of  an  extension  of  all  the  Pleistocene  ice  sheets  during 
their  maximum  development  of  50  million  square  kilometers  and  an  average  thick¬ 
ness  of  the  ice  sheet  of  1000  meters,  Nansen  finds  that  the  sinking  of  the  general 
sea  level  during  the  climax  of  glaciation  may  have  amounted  to  too  meters  at  least 
and  perhaps  to  as  much  as  150  meters.  The  value  of  Nansen’s  conclusions  dejx'nds 
largely  upon  whether  or  not  his  explanation  of  the  formation  of  the  strandflat  is 
correct.  If  it  is  correct  the  ancillary  results  are  remarkable  indeed  and  very  far- 
reaching.  However,  the  great  uniformity  of  the  changes  of  level  which  Nansen’s 
view  jKtstulates  ap[)ears  to  be  a  weak  point.  Regarding  late-glacial  and  post-glacial 
oscillations  of  level  other  students  of  the  subject  find  less  uniformity.  For  instance. 
J.  Rekstad's  map  of  the  late-glacial  submergence  (“Norges  hevning  efter  istiden,” 
yorgfs  Geol.  Undersokehe  No.  g6,  Christiania,  1922)  shows  a  more  irregular  coursi- 
of  the  isobases  than  does  Nansen’s  map  (Fig.  166,  p.  255).  The  reason  is  that 
Nansen  has  sifted  the  material  (see.  for  instance,  pp.  248,  254,  262,  and  272). 

When  Nansen  ascribes  the  Tapes-Littorina  transgression  largely  to  ice  melting, 
he  overlooks  the  known  fact  that  the  warmth  maximum  fell  substantially  later 
in  time  than  the  transgression.  Terraces  and  shore  lines  formed  during  the  upheaval 
were  more  likely  due  to  land  upheaval  by  jerks  than  to  rise  of  the  sea  level.  Because 
of  the  rigidity  of  the  earth’s  crust  upheaval  may  have  begun  when  equilibrium  was 
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surpassed,  and  through  inertia  it  may  have  proceeded  rapidly  so  as  to  surpass  the 
stale  of  equilibrium  in  the  other  direction.  If  the  upheaval  had  proceeded  only  a 
little  too  far,  the  level  was  kept,  especially  as  the  ice  load  was  continually  decreas¬ 
ing;  but  if  it  proceeded  far  beyond  the  |X)int  of  equilibrium  a  movement  in  the 
opiH)site  direction  and  a  sinking  of  the  land  resulted.  This  may  have  been  the  es¬ 
sential  cause  of  the  oscillations  of  land  in  Fenno-.Scandia  during  the  general 
upheaval. 

Ernst  .•\ntf.vs 


The  Economic  and  Political  Status  of  Russia  in  1923.  Information  drawn  in 
large  part  from  the  Rus.sian  |H*riodical  press  and  relating  to  the  economic  and 
|X)litical  situation  of  Russia  in  H)23  is  summarized  in  a  note  by  P.  Deffontaines  in 
Im  Gfo^raphie  for  February,  1924  (Vol.  41.  pp.  i87-i()f)). 

From  the  agricultural  point  of  view.  Russia  in  1923  had  once  more  become  a 
country  of  exjx>rt  after  the  famine  years  of  1920  and  1921.  .\n  effort  was  Ix'ing 

made  by  the  S<»viet  authorities  to  encourage  improvements  in  agricultural  methods 
through  the  introduction  of  model  farms  and  to  bring  alx^ut  a  more  productive 
utilization  of  field  and  forest  by  establishing  new  agricultural  communities  and  by 
granting  concessions  to  foreigners  on  a  large  scale.  Vast  tracts  of  forest  in  the 
lasins  of  the  northern  Dvina  and  Vichegda  have  been  concedwf  to  .-Xnglo- Russian 
and  Dutch- Russian  concerns. 

A  commercial  and  industrial  crisis  occurred  in  1923,  the  result  of  “the  lack  of 
financial  means,  leading  to  great  difficulties  in  selling  and  buying  merchandise, 
and  of  the  cessation  of  all  active  ojteration  on  the  part  of  the  banks.”  Staling  below 
cost  and  oxerpnxluction  were  general  in  many  industries,  and  as  a  consecpience 
many  establishments  had  to  close  down.  Figures  for  the  foreign  trade  of  Russia 
for  1922  as  compared  with  those  for  1913  show  that  imfxjrts  from  (iermany  had 
fallen  from  57.3  jx?r  cent  to  33  per  cent  of  the  total  imix)rts,  though  the  latter  jx‘r- 
centage  was  double  that  of  1921.  lm|X)rts  from  the  United  States  showed  an  in¬ 
crease  from  8  jier  cent  in  1913  to  14  jxr  cent  in  1922;  those  from  England  in  the 
same  years  of  from  12  [ler  cent  to  t8  jxrcent.  Thirty  per  cent  of  the  I922  exix)rts 
of  Russia  found  their  way  to  England;  exports  to  (k'rmany  in  that  year  were  negli¬ 
gible,  though  the  situation  was  materially  altered  in  1923  by  the  resumption  of 
the  exjx)rting  of  Russian  cereals. 

Monsieur  Deffontaines  states  that  “the  fact  which  dominates  the  entire  political 
situation  of  present-day  Russia  is  the  disintegration  of  the  Russian  nation."  Hy 
granting  autonomy  to  the  ethnic  stocks  of  the  former  empire  and  by  encouraging 
the  use  of  local  languages  “the  .Soviets  have  to  some  extent  organized  and  stimu¬ 
lated  this  disintegration.”  Other  authorities  see  a  trend  in  the  opjxisite  direction. 
W.  Gerbing,  in  an  article  entitled  “Das  neue  Russland”  (Gcogr.  Zeitschr.,  \’ol. 
29,  1923,  pp.  197-205),  asserts  that  “in  the  contemporary  administrative  division 
of  Russia  we  may  px-rceive  the  attempt  to  found  anew  and  to  strengthen  the  domi¬ 
nance  of  Great  Russia,  while  at  the  same  time  the  newly  awakened  national  feeling 
of  the  numerous  non-Russian  jieoples  is  indulged.”  Monsieur  IX'ffontaines  con¬ 
siders  the  recent  change  in  the  name  of  the  body  politic  as  a  whole  from  “  Russian 
Federated  Socialist  Soviet  Republic”  to  “Union  of  the  Socialist  Soviet  Republics” 
as  if  it  were  a  further  concession  toward  a  jiolicy  of  decentralization.  Gerbing, 
on  the  other  hand,  regards  it  as  symbolizing  a  change  from  a  loose  federation  of 
half-sovereign  states  into  a  genuine  union,  or,  as  he  puts  it,  from  a  Staalenbund 
to  a  Bundesstaat,  and  this  view  is  confirmed  in  the  recent  well-documented  volume 
of  .\.  L.  P.  Dennis,  “The  Foreign  Policies  of  Soviet  Russia”  (New  York,  1924)- 
pp.  189-196.  as  well  as  in  Captain  Kelly’s  article  in  the  present  numlierof  the  Review. 
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The  Practice  of  Transhumance  in  Basutoland.  Basutoland  falls  into  two  major 
natural  regions:  the  lowland  sandstone  country  of  the  west,  the  Basutoland  of  the 
natives,  and  the  volcanic  upland  country — the  Malutis  of  the  natives.  The  upland 
is  a  maturely  dissected  plateau  with  elevation  ranging  from  about  6500  to  11,170 
feet  in  the  culminating  peak  of  the  Drakensberg  and  is  limited  by  eastern  and 
western  escarpments,  the  Drakensberg  and  Malutis.  The  rock  weathers  to  a  fertile 
black  soil  which  grows  excellent  crops  of  wheat.  But  the  Basuto  greatly  prefers 
maize  or  Kafir  corn  as  a  staple,  and  the  population  of  the  country  is  still  concen¬ 
trated  in  the  warm  lowlands.  The  long  steep  grassy  slopes  of  the  uplands  are  used 
as  pasture  for  the  Basuto’s  wealth  of  cattle,  sheep,  and  goats.  .Associated  with 
the  cattle  industry  is  the  practice  of  transhumance  (R.  U.  Sayce:  .An  Ethno-geo- 
graphical  Essay  on  Basutoland,  Geogr.  Teacher,  No.  68,  Vol.  12,  1924,  Spring,  pp. 
266-288,  London). 

In  autumn  the  cattle  come  down  from  the  mountains.  The  precise  date  is  set 
by  the  time  of  harvest,  for  they  are  grazed  on  the  stalks  of  the  garnered  maize  and 
corn;  and,  when  this  fodder  is  exhausted,  on  the  winter  veld,  pasture  near  the  village 
demarcated  and  set  aside  in  the  spring  for  this  purpose.  In  Basutoland  there  is 
no  private  ownership  of  land;  agricultural  allotments  are  made  each  spring  by  the 
chief,  who  also  declares  the  grain  fields  and  the  winter  veld  open  for  common  grazing 
towards  the  end  of  May  or  the  l)eginning  of  June.  The  winter  pasture  available  is 
limited,  and  the  cattle  are  usually  in  jKXjr  condition  by.the  end  of  the  winter  when 
the  great  spring  movement  takes  place.  .Aliout  .August  early  rains — Basutoland 
is  a  region  of  summer  rain — have  revivified  the  mountain  pastures,  and  the  home¬ 
lands  are  waiting  to  be  plowed.  .A  few  cattle  are  kept  behind  for  milk  and  plowing, 
the  rest  go  to  the  mountains  under  the  charge  of  herdlxjys  “old  enough  to  know  the 
cattle  marks."  Little  ceremony  attends  the  proceeding.  Distances  traveled 
vary:  it  may  l)e  a  matter  of  a  few  hours  or  a  day  or  several  days’  journey.  Some 
exchange  of  beasts  goes  on  all  summer,  and  in  certain  particularly  rich  agricultural 
districts  where  considerable  numbers  of  cattle  are  kept  at  the  villages  there  may 
be  a  large  secondary  migration  towards  the  end  of  December  and  January.  When- 
the  mountain  posts  are  large,  cattle,  sheep,  and  goats  are  looked  after  separately; 
but  usually  two  Ijoys  care  jointly  for  flocks  and  herds.  When  the  cattle  come  dow  n. 
the  sheep  and  goats  usually  remain  l)ehind  under  the  care  of  a  single  boy. 

The  pressure  of  increasing  iX)pulation  is,  however,  making  itself  felt  in  Basuto¬ 
land.  Formerly  a  man  could  have  as  much  agricultural  land  as  he  could  cultivate; 
now  he  is  limited  to  three  plots,  each  too  by  150  yards.  The  i)opulation  is  spreading 
into  the  mountains;  ()ermanent  villages  and  cultivation  are  taking  the  place  of  the 
cattle  posts;  and  a  taste  for  w'heat  and  extension  of  the  crop  is  being  perforce  de- 
veloiH-d.  .Associated  is  a  growth  of  individualism  and  private  ownership.  Migra¬ 
tion  movements  are  Ijeing  correspondingly  restricted.  .As  in  other  lands  of  more 
advanced  civilization,  transhumance  is  on  the  wane  in  Basutoland  (Philippe  .Arbos: 
The  Cieography  of  Pastoral  Life,  Illustrated  with  European  Examples,  Geogr.  Rev., 
V’ol.  13,  pp.  559-575).  -A  change  in  the  character  of  the  pastoral  industry  or  its 
decline  is  connoted;  as  it  is,  the  pastures  are  overstocked,  and  the  range  has  dete¬ 
riorated  as  elsewhere  in  South  .Africa. 


.ASIA 

Some  Recent  Maps  of  Central  Asia.  During  his  expeditions  in  Central  .Asia 
(1900-1901,  1906-1908,  and  1913-1916)  Sir  .Aurel  Stein  enjoyed  the  full  co-opera¬ 
tion  of  the  Survey  of  India.  .As  a  result,  in  addition  to  making  the  archeological 
discoveries  that  have  amazed  the  scholarly  world,  he  was  able  to  carry  out  carlo- 
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grai>hical  work  of  primary  imporiamc.  The  definitive  cartographical  results  of 
the  three  journeys  have  been  embodied  in  a  series  of  47  maps  (i:  500,000)  accom¬ 
panied  by  a  volume  cntitk*d  “Memoir  on  Maps  of  Chinese  Turkistan  and  Kansu 
from  the  Surveys  Made  During  Sir  Aurel  Stein’s  Explorations,  1900  1,  1906-8. 
lOi.t-.s"  (Records  of  the  Survey  of  India,  Vol.  17,  Trigonometrical  Survey  Office, 
Dihra  Dun,  1923).  These  maps  sut)ersede  the  94  maps  (1:255,440)  bast'tl  u|)on 
the  exiH'dition  of  I90f)-I908  and  published  as  the  fifth  volume  of  "Serindia”  (see 
Geogr.  Rev.,  V’ol.  12,  1922,  p.  662). 

Stein  explains  in  the  introductory  note  to  the  “  Memoir"  that  “improved  ineih(Kls 
of  drawing  and  reproduction  have  allowed  in  the  new  maps  a  clearer  and  fuller 
representation  of  (the  record  of  his  surveys]  than  was  i)ossible  in  previous  publica¬ 
tions."  The  scale  of  the  new  maps  is  smaller  than  that  of  the  1:255.4.^0  shei'ts. 
On  the  other  hand,  the  new  ma|)S  reveal  all  the  details  that  are  shown  ui)on  the  older, 
as  well  as  various  corrections  made  in  the  light  of  more  recent  data.  The  representa¬ 
tion  of  relief  by  form  lines  (or  rough  contours)  rather  than  by  hachures  is  more 
precise.  Furthermore,  the  i :  5tK),ooo  series  shows  the  results  of  all  three  expt'ditions 
whereas  the  1 :  255.440  series  shows  those  of  but  one  expedition  only. 

The  detailed  toi)ography  of  the  new  maps  has  been  exclusi\ely  derived  from  the 
plane-table  surveys  carriefl  out  by  Stein’s  parties.  These  plane-table  surveys  were 
bast'd  uiMjn  the  triangulation  and  astronomically  determined  latitudes  of  the 
Indian  surveyors.  Ram  Singh  and  l.al  Singh,  under  Stein’s  orders.  The  triangula¬ 
tion  in  turn  was  to  a  very  large  extent  based  uixm  Captain  H.  H.  P.  Deasy’s  tri¬ 
angulation  in  the  Pamirs  and  Kunlun  (1H97-1S99),  though  the  work  of  a  few  other 
exidorers  was  also  drawn  u|X)n  for  latitudes  and  longitudes.  Major  .Mason,  com¬ 
menting  on  the  triangulation  in  an  apjxndix  to  the  “Memoir,”  highly  commends 
its  accuracy;  he  adds,  however,  that  “it  is  absolutely  necessary  to  lay  stress  on  the 
fact  that  it  is  in  the  nature  of  pioneer  work  and  that  when  the  regularly  connected 
triangulation  of  the  Survey  of  India  reaches  the  areas  concerned,  the  jxjints  of 
Ram  Singh  and  l.al  .Singh  will  lx*  suix-nseded.  .  .  .’’ 

The  “  Memoir”  gives  a  brief  history  of  Stein’s  exjx'ditions,  a  general  descrip¬ 
tion  of  the  regions  surveyed,  a  discussit)n  of  the  compilation  and  content  of  the  maps 
themselves  with  notes  on  the  individual  sheets,  and  an  index  of  local  names.  .\p- 
ix'iidixes  by  Major  Kenneth  Mason  and  Dr.  J.  De  (iraaff  Hunter,  both  of  the  Sur¬ 
vey  of  India,  treat  resjx'ctively  of  triangulation  and  altitude  observations.  The 
volume  concludes  with  a  series  of  photographs. 

The  general  description  is  an  outline  of  the  essential  features  fx)th  of  the  physical 
and  the  human  geography  of  this  immense  but  little-known  part  of  .Asia.  Though 
the  entire  tract  has  been  described  at  length  in  Stein’s  earlier  works  (to  which 
detailed  references  are  given  in  the  footnotes)  all  students  will  appreciate  having 
the  material  jiresented  in  condensed  and  concise  form.  The  descriptions  of  the 
individual  sheets  not  only  explain  the  technicalities  of  the  survey  work  from  which 
each  sht'et  was  constructed  but  also  give  brief  accounts  of  the  more  striking  points 
illustrated  by  each,  again  with  references  to  Stein’s  earlier  works.  Great  care  was 
given  to  the  accurate  recording  and  transliteration  of  local  names  as  shown  on  the 
maps  and  listtxl  alphalx'tically  in  the  index.  The  “Memoir,”  in  short,  should 
serve  as  a  guide  of  exceptional  utility  for  all  who  would  undertake  studies,  either 
general  or  detaik'd,  in  the  geography  of  Central  .Asia. 

.Another  imjxirtant  recent  map  of  Central  .Asia  is  ('olonel  .A.  H.  Bystrom's 
“General  Map  of  Eastern  Turkestan  and  Tibet  on  the  scale  of  i :  i,(xx),(xx).  embrac¬ 
ing  Dr.  Sven  Hedin’s  routes  1894-11)08  and  those  of  other  recent  travelers  as  well 
as  the  most  important  materials  existing.”  Lithographic  Institute  of  the  (icneral 
•Staff  of  the  Swedish  .Army,  Stockholm  (undated).  This  is  includt'd  in  the  map  sup¬ 
plement  to  Sven  Hedin’s  “Southern  Tibet,”  9  vols.,  Stockholm,  1916-1922.  .As 
the  title  implies,  it  is  a  compilation  from  various  sources  and  consequently  may  be 
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usi*d  to  fill  in  many  of  the  gaps  left  by  Stein’s  maps.  .As  Bystrom’s  map  apjK-ared 
l>efore  Stein’s  i :  500.000  series,  it  does  not  show  the  results  of  Stein’s  explorations 
of  IQ15-1916  nor  the  various  corrections  of  the  latter’s  earlier  maps.  Colonel 
Bystrom’s  production  is  highly  artistic  and  is  beautifully  engraved.  Reliel,  how- 
ever,  represented  by  brown  shading,  is  less  precise  than  upon  the  maps  of  Stein. 


.AUSTRA1..\SI.\  .AND  OCE.ANI.A 

Exploration  in  Papua.  .A  half  century  ago  the  interior  of  Papua  (the  official 
name  of  southeastern  New  (iuinea)  was  absolutely  unexplored,  and  even  the 
coasts  were  im|)erfectly  known.  So  complete  was  European  ignorance  of  this 
region  in  1S75  that  a  certain  Captain  (?)  I^wson  had  the  audacity  to  publish  a 
IxKik  describing  a  wholly  fictitious  exjxxlition  across  the  island  from  south  to  north 
in  the  course  of  which  a  vast  lake  and  a  mountain  52,785  feet  high  were  encountered 
(J.  A.  Lawson:  Wanderings  in  the  Interior  of  New  Guinea.  London.  1875.  Law¬ 
son’s  statements,  which  won  some  recognition,  were  refuted  by  Captain  John 
Moresby  in  his  “Discoveries  and  Surveys  in  New  Guinea  and  the  D’Entrecasteaux 
Islands,"  London,  t876,  pp.  521-527).  Even  as  late  as  1912  Judge  J.  H.  P.  Murray, 
lieutenant  governor  of  Papua.  ojK*ned  the  chapters  on  the  history  of  Papuan  ex 
ploration  in  his  authoritative  volume,  “Papua,  or  British  New  (iuinea’’  (reviewed 
in  Geogr.  Rev.,  Vol.  1.  1916,  p.  165),  with  these  words:  “Papua  has  been  British 
for  nearly  thirty  years,  but  half  of  it  is  still  totally  unexplored,  and  of  the  other 
half  there  is  but  a  comfiaratixely  small  portion  that  is  really  well  known"  (p.  247). 
Light  had  lieen  thrown  on  much  of  the  eastern  half  of  the  territory  by  the  important 
journeys  of  Sir  William  MacCiregor  in  the  nineties,  and  by  the  reports  of  govern¬ 
ment  officials,  prosjiectors,  and  miners.  The  western  half,  except  for  the  courses 
of  the  main  rixers — and  of  only  a  few  of  these — was  still  terra  incognita. 

The  last  decade,  however,  has  seen  the  steady  progress  of  exploration  “  by  magis¬ 
trates  and  others  as  part  of  their  ordinary  duty,”  with  such  significant  results  that 
Judge  Murray  is  able  to  assert  in  a  recent  pamphlet  (J.  H.  P.  Murray:  Recent 
Exploration  in  Papua,  Sydney,  n.  d.  [1922  or  later])  that  “there  is  really  very  little 
left  to  explore  now  in  Papua,  beyond  a  block  cast  of  the  Strickland  and  north  and 
northeast  of  the  .Samlx'rigi  \’alley.  Practically  all  the  country  west  of  the  Fly 
has  lK*en  examined,  including  the  extreme  N.  W.  corner  (see  Leo  .-Xusten:  The 
Ti“di  River  District  of  Papua,  Geogr.  Journ.,  \’ol.  62,  1925.  pp.  555-549].  and  the 
unknow  n  country  is  now  confined  almost  entirely  to  the  eastern  part  of  the  Western 
Division,  and  the  west  and  north  of  the  Delta  Division"  (p.  5).  The  official  ac¬ 
counts  of  these  explorations  are  gixen  in  pajxjr-covercd  volumes,  unprepossessing 
in  apix'arance  but  filk*d  with  information  of  absorbing  interest,  the  Annual  Reports 
of  the  Papuan  administration  submitted  to  the  .Australian  Parliament;  more  rarely 
in  IxKiks  like  W.  R.  Humphries’  “Patrolling  in  Papua,”  London,  1925,  or  the  two 
works  by  Captain  Monckton  reviewed  in  the  Geographical  Review  for  .April,  1924. 
PP-  I -5.^2- 

Judge  Murray’s  iiamphlet  from  which  we  have  quoted  is  of  value  because  it 
gives  a  concise  summary  of  the  work  of  exploration  since  about  1912.  It  is  largely 
the  record  of  observations  of  police  patrols  and  other  official  missions  and  is  illus¬ 
trated  with  rough  sketch  maps.  Without  attempting  even  to  summarize  the 
toixigraphical  details  presented,  we  may  mention  briefly  a  few  of  the  more  striking 
distxiveries. 

In  the  country  cast  of  the  Strickland  River  Ryan  in  1915  found  what  appeared 
to  Ix'  “an  abundance  of  coal,”  of  which  he  wrote,  “The  surface  coal  is  of  no  com¬ 
mercial  value,  but,  in  my  opinion,  it  indicates  that  coal  of  a  superior  quality  may 
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U'  met  with  on  sinking  below  the  surface”  (quottnl  by  Murray.  “Recent  Explora¬ 
tion,’’  p.  35:  see  also  J.  K.  Came:  Notes  on  the  (X-currence  of  Coal,  Petroleum, 
ami  Cop|)er  in  Papua,  Bull,  of  the  Territory  of  Papua  Xo.  /,  Mellxjurne.  re¬ 

viewed  in  Geo^r.  Rev.,  Vol.  i.  1916,  p.  76).  In  1922  Flint  and  Saunders  examined 
the  region  north,  northwest,  and  northeast  of  Mt.  Murray,  |xirt  of  which  had  IxHm 
traversed  by  Miles  Staniforth  Smith  in  1910  (see  Geogr.  Journ.,  Vol.  39,  1912,  pp. 
’,13-334).  Here  the  Samlx'rigi  Valley  was  explored,  a  broad.  o|x‘n.  cultivated  hol¬ 
low  in  the  midst  of  imjxjsing  mountains,  having  an  estimated  area  of  103  s<|uare 
miles  and  supiK>rting  a  native  ixjpulation  of  2(xx>.  Skelly  and  Swanstm  in  H)i7 
rejxjrted  natives  dwelling  at  an  altitude  of  8(xx)  fet*t  in  the  Mlx-rt  Mountains,  a 
circumstance  which  Murray  pronouiu'es  exceptional,  “though  altitudes  of  about 
txxK)  are  not  unusual”  (p.  24).  In  the  eastern  jxirt  of  the  highlands  natives  were 
seen  by  Jackson  in  1914  carrying  on  “extensive  burning-otT  o|x*rations  at  a  height 
of  just  under  lo.cxx)  fei't.  It  apjx'ars  that  they  were  hunting  cuscus  [a  small  mar¬ 
supial).  and  it  is  probable  that  hunting  parties  occasionally  visit  even  higher  alti¬ 
tudes,  but  so  far  as  I  am  aware  no  regular  villages  have  Ix-en  seen  at  a  greater  height 
than  Hocx)  or  even  7(XX)  feet”  (p.  19).  British  travelers  frequently  suffered  severely 
from  cold  on  the  mountains.  On  a  journey  up  the  Strickland  in  1917,  Judge  .Mur¬ 
ray  writes  (p.  37)  that  he  saw  no  trace  of  human  lx*ings  for  a  distance  of  more  than 
one  hundred  miles  and  suggests  that  the  natives  of  this  district  may  well  have 
exterminated  each  other.  Commenting  upon  the  hideous  and  revolting  evidences 
of  a  massacre  found  by  Baker  in  the  same  region  in  1913,  Murray  observes  that 
“practices  such  as  these  are  not  conducive  to  an  increase  of  jxjpulation,  and  per- 
hai)s  it  is  not  to  1k‘  wondered  at  that  the  banks  of  the  .Strickland,  when  1  was  there. 
lx)re  no  trace  of  human  existence”  (p.  3S). 

To  alxdish  this  “almost  ins;cne  craving  for  bl(K)dshed”  and  to  guide  the  Paj)uans 
towards  the  bles.sings  and  away  from  the  evils  of  civilization  are  the  outstanding 
problems  of  the  local  administrator.  Judge  .Murray,  who  is  keenly  symixithetic 
in  his  understanding  of  the  native  mentality,  regards  these  folk  as  “very  intelligent 
jxople  at  a  low  stage  of  development.”  On  their  characteristics  and  on  other  prob¬ 
lems  of  present-day  Pai)ua  he  has  published  an  illuminating  pa()er  (“  Papua  of  Tt)- 
day,”  United  Empire,  Vol.  14.  1923,  pp.  332-362)  which  should  lx*  read  in  conjunc¬ 
tion  with  his  pamphlet  on  exploration  by  all  who  may  wish  to  gain  some  knowledge 
of  recent  events  and  contem|X)rary  conditions  in  one  of  the  most  obscure  but  most 
interesting  corners  of  the  British  Empire. 


The  Ice  Age  and  the  Antiquity  of  Man  in  Australia.  Professor  David  delivered 
the  R.  M.  Johnston  Memorial  Lecture  in  Hobart  on  October  8,  1923,  choosing  for 
his  subject  the  antiquity  of  man  in  .Australia  (.Sir  T.  \V.  Edgeworth  David:  Cieolog- 
ical  Evidence  of  the  .Antiquity  of  .Man  in  the  Commonwealth,  with  Sjxfcial  Refer¬ 
ence  to  the  Tasmanian  .Alx)rigines.  R.  M.  Johnston  Memorial  Lecture,  Papers  and 
Proc.  Royal  Soc.  of  Tasmania  for  the  Year  I02J,  Hobart,  t924.  pp.  io<)-i  3o).  .Aside 
from  the  main  subject,  the  address  marks  a  critical  jxjint  in  the  history  of  .Australian 
Quaternary  geology.  Tasmania  was  the  scene  of  rather  intense  Pleistocene  glacia¬ 
tion.  Owing  to  the  latitude  of  the  island,  it  is  more  likely  than  is  the  mainland  of 
.Australia  to  show  whether  or  not  the  course  of  events  in  glacial  time  was  in  har¬ 
mony  with  that  in  other  intensely  glaciated  regions  of  the  world.  Ten  years  ago  the 
.Australian  geologists  were  aware  of  the  extent  of  glaciation  but  were  texj  cautious  to 
attempt  correlation.  Recently  some  work  of  great  importance  has  been  done  by 
Benson,  Griffith  Taylor,  and  others;  and  Professor  David  has  now  revealed  in  his 
address  an  underlying  acceptance  of  correlation  with  the  broad  sulxlivisions  of  the 
Ice  .Age  of  the  northern  hemisphere.  This  means  that  .Australia  has  a  time  scale 
for  the  Quaternary,  a  matter  of  immense  importance  in  archeological  studies. 
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The  past  of  a  new  country  long  remains  a  blank  to  its  occupants.  Knowledge  of 
the  Australian  native  is  scanty  enough,  and  archeological  knowledge  is  of  the  slowest 
growth.  Records  are  found  at  rare  intervals,  and  even  the  light  of  geology  that  can 
be  brought  to  bear  on  them  is  sometimes  uncertain.  Here.  too.  the  recent  past  has 
been  fruitful  of  results.  Artifacts  of  primitive  workmanship  have  been  found  in 
several  widely  separated  parts  of  Tasmania,  and  the  conditions  of  their  occurrence 
have  been  carefully  investigated.  With  these  discoveries  as  a  starting  point,  FVo- 
lessor  David  has  reviewed  all  that  is  known  of  the  history  of  man  in  Australia,  ap¬ 
plying  the  newest  results  in  glacial  geology,  physiography,  the  paleontology  of  the 
Quaternary  fauna,  and  anthropology.  The  synthetic  method  has  been  brilliantly 
successful.  It  demonstrates  that  man  existed  in  Tasmania  from  remote  antiquity 
and  that  his  geological  history  on  the  mainland  is  longer  than  hitherto  suspected. 
.Admitting  that  the  correlation  is  tentative.  David  seems  to  have  placed  his  main 
conclusions  beyond  doubt  It  has  long  been  believed  that  the  Tasmanian  aborig¬ 
inal  was  an  earlier  arrival  than  the  .Australian,  who  brought  the  dingo.  The 
Tasmanian  artifact  from  the  Doone  Mine  near  ('.ladstone  is  placed  tentatively  as 
belonging  to  the  Wiirm  or  even  to  the  Kiss  ('daciation:  while  the  celebrated  Talgai 
skull  from  near  Warwick,  Queensland,  is  placc“d  in  the  Riss-Wiirm  Interglacial 
Epoch  and  is  considered  by  David  to  lx*  .Australian  rather  than  Tasmanian.  .And 
Tasmania  was  undoubtedly  jH*opled  before  .Australia! 

The  paper,  which  is  illustrati*d  with  mai>s.  sections,  etc.,  initiates  an  admirable 
grade  of  precision  in  .Australian  archeology. 


M.ATHE.M.ATIC.AL  GEOGRAPHY 

The  Study  of  Maps.  .An  attractive  little  book  for  teachers  of  geography  is  Sir 
Herbert  (ieorge  Fordham’s  “Maps:  Their  History,  Characteristics  and  Uses;  a 
Hand-book  for  Teachers”  (The  University  Press,  Cambridge,  iq2i).  Though 
primarily  intended  to  explain  the  elements  of  cartography,  the  volume  lays  much 
stress  on  the  historical  background.  Its  author  conceives  of  the  modern  map  as  the 
product  of  development  that  may  be  traced  from  the  earliest  antiquity.  While 
instruction  in  the  history  of  maps  is  too  advanced  for  elementary  schools.  Sir 
Herbert  feels  that  the  teacher  should  have  some  knowledge  of  this  field.  There  is 
much  to  be  said  for  this  opinion.  The  need  is  great  for  unpretentious  books  like 
this,  presenting  other  phases  of  geography  in  their  historical  perspective. 

Sir  Herl)ert  asserts  that  “in  the  second  half  of  the  last  century,  map-engraving 
seems  to  have  lost  its  beauty  and  originality,  probably  in  view  of  the  rigid  uniform¬ 
ity  of  expression  demanded  of  it.”  “In  the  choice  of  elements  of  graphic  ex¬ 
pression  in  relation  to  the  pictorial  features  of  maps  there  has  been  a  gradual  elimi¬ 
nation  of  unsuitable  signs,  and  the  ‘survival  of  the  fittest’  has  produced  a  stereo- 
ty|)ed  uniformity — very  essential  in  cartography,  now  an  exact  and  highly-developed 
st'ience.”  Map  making  in  earlier  days  was  a  fine  art  as  well  as  a  science.  Sir 
Herbert  speaks  enthusiastically  of  several  exceptionally  handsome  maps  of  the 
earlier  period.  “Nothing,”  he  writes,  “attains  to  the  beauty  of  the  two  large  maps 
of  the  district  and  bay  of  Naples  by  Rizzi-Zannoni  ...  of  the  end  of  the  eight¬ 
eenth  century.  The  surface  of  the  map  is  of  marvellously  minute  execution,  the 
panoramic  representation  of  the  coast-line  on  one  of  these  maps  is  a  lovely  piece 
of  work,  and  the  Ixtrders  and  other  ornamental  features  are  superb.” 

Otherwise  admirable  as  this  little  book  is,  there  are  two  matters  which  cannot 
be  fiassed  over. 

The  invention  of  the  contour  line  for  representing  relief  was  one  of  the  most 
im|x)rtant  contributions  to  the  progress  of  modern  cartography.  On  page  47  Sir 
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Hcrlxrt  makes  the  misleading  statement  that  contours  “were  first  adopted  in 
France,  on  the  suggestion  of  Laplace,  in  i8i6.”  They  had  been  employed,  however, 
in  mapping  the  bed  of  a  river  channel  as  early  as  1728.  Dupain-Triel’s  map  of 
France  with  contour  lines  was  published  in  1791.  The  method  was  certainly  well 
known,  even  if  it  had  not  been  widely  used,  before  1816.  (See  Anton  Steinhauser: 
Bfitrage  zur  Geschichte  der  Entstehung  und  Ausbildung  der  Niveaukarten,  sowohl 
See-  als  Landkarten,  Mitt.  K.  K.  Geogr.  Gesell.  in  Wien.,  Vol.  2,  1858,  Abhandlun- 
gen,  pp.  58-74:  reference  on  p.  60;  and  Henri  Zondei^  an:  Allgemeine  Kartenkunde, 
Leipzig.  1901,  p.  53  ) 

The  other  point  is  the  omission  of  any  discussion  of  the  problem  of  representing 
the  spherical  surface  of  the  earth  on  a  flat  surface,  an  omission  that  was  probably 
intentional  in  view  of  the  difficulty  and  technicality  of  the  subject.  It  is,  neverthe¬ 
less,  one  of  the  major  problems  of  cartography.  F2ven  if  they  may  not  be  expected 
to  master  the  mathematical  details,  we  cannot  but  feel  that  all  teachers  and  stu¬ 
dents  should  know  at  least  that  this  problem  exists  and  should  know  something 
of  the  efforts  that  have  been  made  toward  its  solution.  Sir  Herbert’s  treatment 
pa.sses  it  by  altogether. 

Besides  the  book  described  al)ove.  Sir  Herbert  has  published  during  the  last 
twenty-five  years  a  number  of  studies  in  the  “cartobibliography”  of  various  regions 
and  types  of  map.  Among  the  more  recent  of  these  is  a  note  in  the  Bulletin  de 
la  Societi  Royale  Beige  de  Giographie.  \'ol.  47,  1923,  pp.  35-45,  in  which  he  empha¬ 
sizes  the  historical  imjx)rtance  of  old  maps  and  the  desirability  of  their  systematic 
listing.  References  are  here  given  to  other  papers  by  Sir  Herbert.  In  an  address 
delivered  at  the  University  of  Manchester  on  the  “Evolution  of  the  Maps  of  the 
British  Isles"  (The  University  Press,  Manchester,  1923),  he  outlined  very  briefly 
the  outstanding  events  in  the  history  of  cartography  in  the  British  Isles  prior  to 
the  work  of  the  Ordnance  Survey. 


PHYSICAL  GEOGRAPHY 

Seasonal  Abnormalities  of  World  Weather.  Dr.  Gilbert  T.  Walker’s  paper. 
Preliminary  Study  of  VV’orld-Weather,”  is  eighth  in  the  series  “Correlation  in 
Seasonal  V'ariations  of  Weather"  of  the  memoirs  of  the  Indian  Meteorological 
Department  (\^ol.  26,  Part  IV,  Calcutta,  1923).  Dr.  Walker  has  gone  over  in 
detail  all  previous  work  on  the  subject  and  has  brought  up  to  date,  with  the  most 
recent  records  av  ailable,  a  great  many  of  the  seasonal  weather  correlations  worked 
out  earlier  by  himself  and  others.  He  finds  in  many  cases  that  apparently  excellent 
correlations  indicated  by  20  or  30  years’  records  do  not  show  when  40  or  more  years 
are  used.  His  paper  demonstrates  how  important  is  caution  in  interpreting  even 
high  correlation  coefficients  when  these  coefficients  are  no  more  than  double  or 
treble  the  probable  error. 

Dr.  Walker  first  discusses  in  some  detail  the  correlations  between  sunspots  and 
pressure,  temperature,  winds,  cloud,  and  rain.  He  finds  that  with  an  abnormally 
large  number  of  sunspots  annual  pressure  is  affected  irregularly:  annual  tempera¬ 
ture  is,  in  general,  lowered  particularly  in  the  tropics:  the  effect  on  winds  is  uncer¬ 
tain:  cloudiness  in  India  is  apparently  slightly  increased,  except  in  the  hot  weather, 
April  and  May:  and  rainfall  is  affected  irregularly,  heavier  rain,  in  general,  going 
with  lower  pressure 

.A  comparison  of  temperatures  at  some  stations  in  India  with  values  of  the  solar 
constant  has  been  made  by  Dr.  Walker  for  the  summer  months  I905i  190^1  and 
1908-1920.  He  finds  that  "...  apart  from  rainfall  the  solar  constant  has  a 
corr.  coeff.  of  about  -1-.30  with  temp.”  The  coefficients  for  some  other  tropical 
and  subtropical  stations  run  about  like  that  of  India,  -f-.3  +•4'  values  not  large 


658 


THE  GEOGRAPHICAL  REVIEW 


enough  to  be  more  than  suggestive.  Dr.  Walker’s  general  conclusion  is  that  “for 
explaining  the  weather  abnormalities  of  the  seasons  the  variations  of  the  solar 
radiation  are  inadequate,  and  we  must  seek  the  reasons  in  the  previous  distribu- 
tion  of  seasonal  features  over  the  earth.  In  this  conclusion  we  disagree  with  the 
widely  prevailing  idea  that  such  abnormalities  are  an  immediate  consequence  of 
changes  in  the  heat  given  out  by  the  sun.  As  a  definite  example  I  know  of  nothin;; 
in  solar  physics  to  explain  without  reference  to  previous  terrestrial  conditions  the 
contrast  between  the  biggest  Indian  monsoon  on  record  in  1917  and  the  monsoon 
in  1918  that  has  only  been  surpassed  in  scantiness  twice  in  the  last  sixty  years  " 

P'or  discussing  relationships  between  centers  of  action  of  the  atmosphere,  Dr. 
Walker  chooses  15  pressure  centers  and  6  precipitation  centers.  The  North  .\t- 
lantic  high  is  divided  into  two  parts,  represented  by  the  pressures  at  Punta  Delgada. 
•Azores,  1875-1921,  and  Charleston,  S.  C.,  1875-1919.  Of  the  rainfall  centers  only 
those  of  the  ^leninsula  of  India  and  Java  are  discussed  at  length.  For  each  of  the 
15  pressure  centers  and  each  of  these  two  rainfall  centers  Dr.  Walker  present.s  the 
correlation  coefficients  with  ail  the  others  for  winter  and  for  summer,  for  the  same 
season,  and  the  seasons  two  quarters  before  and  after.  These  represent,  truly, 
a  prodigious  amount  of  tabulation  and  computation.  For  all  regions  except  the 
North  Pacific  or  Alaska  low,  Honolulu,  the  south  tropical  Pacific  (.Apia,  Samoa), 
and  the  southern  low  (Laurie  Islands,  S.  Orkneys),  the  data  cover  homogeneous 
|)eriods  of  about  50  to  46  years.  Correlation  coefficients,  therefore,  of  .4  or  greater 
are  probably  significant  except  for  the  centers  mentioned. 

The  atmospheric  centers  of  action  directly  affecting  the  seasonal  weather  of 
North  .America  are  not  only  interrelated  more  or  less  strikingly  at  the  same  season 
but  also  have  their  variations  indicated  to  some  degree  half  a  year  in  advance  at 
distant  centers.  South  .Alaska  and  Hawaiian  pressures-  are  inversely  correlated 
( — .71  (?)  in  winter),  just  as  are  those  of  Iceland  and  the  .Azores  ( — .54  in  winter) 
and  Iceland  and  Charleston,  S.  C.  ( — .35  in  winter).  Rather  unexpected  are  the 
large  correlations  l>etween  Charleston  pressures  and  those  of  Port  Darwin  (N. 
.Australia)  and  Northwest  India,  Ixjth  — .52  in  winter,  and  l>etween  Charleston 
pressures  and  those  of  Northwest  India  and  St.  Helena.  — .51  and  -I-.49  in  summer. 
The  correlation  coefficient  — .36  between  the  pressure  of  Central  Siberia,  June  to 
.August,  and  that  at  Charleston  the  following  Decemlx^r  to  February  may  be  sig¬ 
nificant.  “We  can  |)erhaps  best  sum  up  the  situation  by  saying  that  there  is  a 
swaying  of  pressure  on  a  big  scale  backwards  and  forwards  between  the  Pacific 
Ocean  and  the  Indian  Ocean,  and  there  are  swayings,  on  a  much  smaller  scale, 
between  the  .Azores  and  Iceland,  and  between  the  areas  of  high  and  low  pressure 
in  the  N.  Pacific:  Further,  there  is  a  marked  tendency  for  the  ‘highs’  of  the  last 
two  swayings  to  be  accentuated  when  pressure  in  the  Pacific  is  raised  and  that  in 
the  Indian  Ocean  lowered.” 

.As  a  result  of  Dr.  Walker’s  studies  it  seems  to  have  become  jxjssible  not  only  to 
increase  the  accuracy  of  the  long-range  forecasts  made  of  the  monsoon  rainfall 
of  India  but  also  to  make  these  forecasts  as  early  as  the  end  of  February  preceding 
the  summer  monsoon  and  even  to  make  forecasts  of  the  winter  rains.  Dr.  Walker 
is  now  engaged  in  closer  studies  by  months  of  the  most  significant  correlations. 

These  world-wide  reactions  of  the  weather  are  evidently  closely  connected  with 
the  slowly  moving  ocean  currents  in  which  solar  or  wind-made  tem|)erature  ab¬ 
normalities  persist  for  months.  The  fact  that  seasonal  weather  abnormalities  in 
different  parts  of  the  world  show  stronger  relations  among  themselves  than  with 
solar  changes  need  not  cause  us  to  relegate  to  a  minor  position  the  study  of  solar 
variations  and  terrestrial  weather  changes.  The  solar  changes  may  from  time  to 
time  strengthen  and  thereby  maintain  the  reactions  between  terrestrial  pressure 
centers  which  otherwise  might  become  appreciably  weaker. 

Charles  F.  Brooks 
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Mediterranean  Climates  of  Eurasia  and  the  Americas.  H.  .A.  Matthews  has  nine 
pages  in  the  Scottish  Geographical  Magazine  for  May  on  the  dissimilarities  between 
the  Mediterranean  climates  of  Eurasia  and  those  of  the  Americas,  stressing  the 
upwelling  cold  waters  on  .American  west  coasts,  which  Europe  lacks,  and  with  them 
the  striking  coolness  of  .American  west-coast  summers;  and  likewise  the  [xmetration 
of  the  Eurasian  Mediterranean  so  far  into  the  subtropical  lands,  which  goes  with  the 
east-west  structure  of  the  old  Mediterranean  ridges,  where  .America  has  north- 
south  lines  of  plateau  and  ridge. 

Corresponding  differences  in  the  winds  and  in  the  degree  of  prevalence  of  winter 
rains  are  pointed  out. 

While  indicating  the  way  in  which  these  contrasts  modify  the  analogies,  the 
author  makes  it  clear  that  he  regards  the  similarity  of  all  the  west-facing  subtropical 
shores  as  the  major  character. 

Mark  Jefferson 


HUMAN  GEOGRAPHY 

Geography  in  Literature.  Some  men  of  letters  are  endowed  with  a  highly  devel- 
0{)ed  geographical  instinct.  .As  writers,  they  have  trained  themselves  to  visualize 
even  more  clearly  than  the  professional  geographer  those  regional  elements  of  the 
earth’s  surface  most  significant  to  the  general  run  of  humanity,  (ieographers, 
however,  have  devoted  but  little  attention  to  this  fascinating  subject  of  geography  in 
literature.  H.  R.  Mill's  useful  “Guide  to  Geographical  Books  and  .Appliances,” 
London,  1910,  contains  a  chapter  in  which  the  plea  is  made  that  in  educational 
value  the  “geographical  novel”  be  recognized  as  on  a  par  with  the  historical.  Mill 
distinguishes  between  the  multitude  of  works  of  fiction  revealing  merely  “local 
color”  and  those  that  are  distinctly  geographical,  and  he  briefly  discusses  some  of 
the  best  among  the  latter.  In  1920  Miss  D.  Wharton  edited  for  the  Leeds  Branch  of 
the  British  Cieographical  .Association  a  “Short  List  of  Novels  and  Literary  Works 
of  Geographic  Interest,”  intended  to  “help  make  the  world  really  alive  to  students 
of  geography.”  This  list  is  suggestive,  if  of  somewhat  uneven  quality. 

•Students  of  the  history  and  trends  of  literature,  on  the  other  hand,  have  gone 
into  the  matter  in  no  little  detail,  especially  in  relation  to  the  local-color  movement 
of  the  last  half  century.  .An  entertaining  chapter  on  the  quest  for  local  color  will  be 
found  in  W.  P.  James’  delightful  book,  “The  Lure  of  the  Map.”  London,  1920  (re¬ 
viewed  in  Geogr.  Rev.,  Vol.  ii,  1921,  p.  160).  Local  color  is  an  evasive  quality, 
revealing  itself  in  different  hues  to  different  seekers.  It  exists,  none  the  less,  and 
the  geographer  should  be  among  the  last  to  disdain  its  existence.  -A  colorless 
regional  monography  falls  short  of  the  geographical  truth. 

-Some  understanding  of  the  local-color  movement  in  the  United  States  may  be 
gained  from  Robert  L.  Ramsay’s  “Short  Stories  of  .America.”  Boston,  1921.  This 
volume,  edited  primarily  for  classroom  work  in  English  comjwsition  courses, 
includes  a  selection  of  sixteen  short  stories  illustrative  of  various  ways  in  which 
local  color  may  be  depicted.  Dr.  Ramsay  shows  his  appreciation  of  geographical 
values  by  partitioning  the  United  States  and  .Alaska  into  five  major  divisions  and 
twenty-five  subordinate  “local-color  states”  and  by  drawing  their  boundaries  on 
a  map  (Fig.  2).  These  boundaries  do  not  coincide  with  those  of  jKilitical  states  but 
mark  off  from  one  another  wholly  independent  regions  each  one  characterized  by  a 
sufficiently  individualistic  tyi>c  of  life  to  have  given  rise  to  a  distinctive  type  of  story. 
There  is  no  slight  measure  of  correspondence  between  Dr.  Ramsay’s  literary  prov¬ 
inces  and  the  physiographic,  climatic,  and  vegetational  regions  of  the  geographers. 
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Fig.  I — Local  color  regions  of  the  United  States  according  to  R.  L.  Ramsay,  i.  Old  New  England;  s.  the 
New  England  Coast;  3,  the  Middle  East;  4,  Upper  New  V’ork;  s.  New  York  City;  6,  Philadelphia;  7,  the 
Pennsylvania  Dutch;  8.  the  Old  Dominion;  9.  Appalachia;  10,  the  Blue  Grass;  it,  the  Middle  South;  11.  the 
Lower  South;  13.  the  Swamp  Region;  14,  the  Creole  Country;  13.  the  River  Country;  16.  Canebrakes  and 
Osarks;  17,  the  Corn  Belt;  18,  the  Wheat  Belt;  19.  Chicago;  30,  Mackinac;  21,  the  Cattle  Country;  33.  the 
Mountain  West;  33,  the  Arid  West;  34,  California  and  the  Old  West;  35  (not  shown),  Alaska;  unnumbered 
•tippled  areas,  neutral  sones. 

Jean  Theraud  as  “ces  nappes  homogenes  par  le  sol,  le  sous-sol,  le  mode  de  culture  et 
de  propri^t6,  I'habitation  et  I’asjiect  particulier  qu’y  prend  la  vie  des  plantes,  des 
animaux  et  des  hommes.”  They  are  the  popular  divisions  of  the  countryside. 
Argonne,  Wofvre,  Brie,  Sologne,  Limagne,  etc.,  and  their  designations  as  employed 
by  the  peasants  are  often  older  than  the  names  of  the  provinces  of  the  ancien  regime 
or  of  the  medieval  feudal  territories.  The  selections  in  Monsieur  Gorceix’s  pleasing 
book  are  arranged  according  to  the  major  divisions  of  the  country,  and  a  map  is 
provided  showing  these  divisions  and  the  various  pays.  The  compiler  introduces 
each  section  of  the  volume  with  a  brief  account  of  the  principal  geographical  ele¬ 
ments  of  the  region  under  consideration  and  a  bibliographic  note  on  the  outstand¬ 
ing  geographical  monographs.  The  book  presents  an  admirable  combination  of 
scholarly  treatment  with  genuinely  subjective  and  colorful  w'ord  painting,  a  form  of 
combination  in  which  the  French  are  masters. 


The  map  also  shows  certain  neutral  zones,  which  “  probaWy  because  of  their  transi¬ 
tional  location  .  have  as  yet  attracted  but  little  attention  from  local 
colorists."  Dr.  Ramsay’s  book  closes  with  a  series  of  reading  lists  giving  the  titles 
of  seventy-five  stories  arranged  according  to  the  twenty-five  “local-color  states’’ 
w'hich  they  illustrate. 

A  similar  compilation  for  P'rance,  intended,  however,  not  for  the  student  of  com¬ 
position  but  rather  for  the  mature  general  reader,  is  Septime  Gorceix’s  “Le  .Miroir 
de  la  France:  Gtographie  Litti-raire  des  Grands  Regions  Fran^aises.”  Paris,  1923. 
Here,  instead  of  short  stories,  a  selection  is  made  of  excerpts  from  novels,  poems, 
essays,  and  descriptions,  chosen  for  the  poignancy  with  which  they  depict  the  va¬ 
rious  pays  and  cities  of  France.  The  pays  are  defined  in  the  preface  by  Jerome  and 
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GEOGRAPHICAL  NEWS 

Geography  at  the  British  Association  Meeting  at  Toronto.  The  ninety-fourth 
meeting  of  the  British  .Association  for  the  .Advancement  of  Science  was  held  at  the 
University  of  Toronto  from  .August  6  to  .August  13.  In  contrast  to  the  .American 
A.  A.  S.,  geography  is  represented  by  a  separate  section  (E)  in  the  British  .Asso¬ 
ciation.  This  leads  to  a  more  strictly  geographical  program,  geological  topics  lieing 
discussed  in  the  geological  section  (C). 

Twenty-three  papers  were  read  in  the  four  morning  and  two  afternoon  sessions 
devoted  to  the  program.  The  outstanding  paper  by  reason  of  its  truly  geograph¬ 
ical  analysis  of  the  problem  was  the  one  by  Professor  P.  M.  Roxby  of  the  Uni¬ 
versity  of  Liverpool  on  the  Distribution  of  Population  in  China.  Based  on  the 
census  made  in  1918  by  the  Survey  Committee  of  China,  a  missionary  organiza¬ 
tion,  maps  were  shown  which  for  the  first  time  represent  the  essential  facts  of  popu¬ 
lation  distribution  in  China.  This  distribution  was  discussed  in  relation  to  the 
natural  divisions  of  the  country,  and  the  regional  outlook  of  the  main  nuclei  of 
population  was  described.  The  probable  r61e  of  the  Lower  A’angtze  region,  and 
especially  the  Hupeh  Basin,  in  the  political  consolidation  of  the  Chinese  people  was 
then  pointed  out,  with  a  possible  change  of  the  capital  from  Peking  to  Hangchow  or 
Nanking — a  consolidation  in  which  the  great  north-south  railroad,  when  completed, 
will  of  course  play  an  important  part.  Professor  Roxby’s  pa^)er  will  appear  in  full 
in  a  forthcoming  number  of  the  Review. 

The  presidential  address,  by  Professor  J.  W.  Gregory  of  the  University  of  Glas¬ 
gow,  dealt  with  Inter-Racial  Problems  and  White  Colonization  in  the  Tropics. 
.After  a  survey  of  conditions  in  the  different  parts  of  the  world  where  the  white 
and  colored  races  live  together — in  racial  fusion  in  South  .America,  in  co-resident 
distinctness  in  the  United  States,  in  racial  segregation  as  desired  for  South  .Africa — 
tropical  colonization  and  the  future  of  .Australia  were  discussed. 

Several  other  papers  dealt  with  aspects  of  human  geography.  Miss  Ellen  C. 
Semple  spoke  on  the  Influence  of  Geographic  Conditions  on  the  .Ancient  Medi¬ 
terranean  Religions,  pointing  out  how  the  importance  of  rainfall  is  reflected  in  the 
persistence  of  the  worship  of  a  rain-giving  deity  or  saint.  Dr.  H.  H.  Laughlin  of  the 
Eugenics  Record  Office  of  the  Carnegie  Institution  discussed  Immigration  from  a 
Biological  Point  of  V^iew,  with  special  reference  to  the  policy  of  the  United  States. 
Mr.  H.  L.  Seymour  of  Toronto,  who  has  been  associated  with  Mr.  T.  Adams,  now 
of  the  Committee  on  the  Plan  of  New'  York  and  Its  Environs,  read  a  paper  on  Some 
Problems  of  Urban  Grow'th  in  America  in  which  the  principles  of  town  planning  were 
elucidated. 

A  group  of  papers  provided  a  valuable  survey  of  the  contributions  to  the  geography 
of  Canada  made  by  various  Canadian  government  bureaus  and  other  agencies. 
Mr.  E.  M.  Dennis  told  of  the  Work  of  the  Topographical  Survey,  Mr.  W.  H.  Boyd 
of  the  Geological  Survey's  Part  in  the  Topographical  Survey,  Mr.  .A.  M.  Narraway 
of  the  Practical  Application  of  .Aerial  Photographs  to  Surveys  in  Canada,  Mr. 
W.  H.  Herbert  of  the  Work  of  the  Magnetic  Survey,  a  colleague  of  Mr.  N.  Ogilvie 
of  the  Work  of  the  Geodetic  Survey,  and  Dr.  W.  Bell  Dawson  of  the  Work  of  the 
Tidal  Survey.  An  important  development  announced  in  these  papers  is  the  forth¬ 
coming  unification  of  the  mapping  bureaus  of  the  Canadian  government.  This 
will  bring  about  the  extension  to  easternmost  Canada,  for  w'hich  the  so-called  Topo¬ 
graphical  Map,  which  does  not  show  relief,  has  been  the  standard,  of  the  type  of 
mapping  now’  carried  on  in  the  prairie  provinces  and  in  Old  Ontario  and  Quebec  and 
illustrated  respectively  by  the  excellent  Sectional  Map  published  by  the  Topo¬ 
graphical  Survey  and  the  one-inch-to-the-mile  map  published  by  the  Department 
of  National  Defense,  both  of  which  now  represent  relief  in  contours.  Mr.  D.  W. 
.McLachlan,  engineer  in  charge  of  the  St.  Lawrence  Ship  Canal,  spoke  on  the  Pro- 
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post'd  Improvfments  of  the  St.  Lawrence  and  Great  Lakes  System  for  Power  and 
Navigation.  Lake  i)orts  will  be  brought  nearer  to  the  markets  of  Europe  by  the 
improvements  under  way.  Dr.  R.  M.  .Anderson  read  two  papers  resulting  from  his 
connection  with  the  Canadian  .Arctic  Expedition  of  1913-IQ18.  One  describtHi  the 
scientific  work  of  the  5>outhern  F’arty  (with  this  topic  readers  of  the  Geographical 
Review  are  familiar:  see  Vol.  4.  lyi?.  PP-  241-266);  the  other  discussed  the  Present 
Status  and  Future  Prospects  of  the  Larger  .Mammals  of  Canada.  In  this  connection 
mention  should  lx*  made  of  a  pajier  announced  by  Professor  J.  F.  Unstead  of  Hirk- 
beck  College,  London,  not  read  on  account  of  his  absence  through  illness,  on  the 
Natural  Resources  and  Economic  Future  of  Canada.  It  was  proposed  to  express 
the  result  of  full  utilization  of  the  economic  resources  in  each  of  the  natural  regions 
of  the  country  in  terms  of  the  numl>er  of  |)eople  who  could  be  supported.  This  group 
of  papers  was  supplemented  by  an  exhibit  illustrating  the  geographical  activities  of 
the  Canadian  government  bureaus. 

Several  pa|x*rs  dealt  with  other  regions  or  other  aspects  of  regional  geography. 
Mr.  O.  H.  T.  Rishbeth  of  the  University  of  Southampton  spoke  on  Some  Geograph¬ 
ical  Consequences  of  the  Geology  of  .Australia,  dwelling  mainly  on  the  funda¬ 
mental  problem  of  water  supply.  Mr.  \V.  L.  G.  Joerg  discussed  Uuman-Use  Versus 
Natural  Regions,  With  Sj)ecial  Reference  to  North  .America.  Mr.  A.  Stevens  of  the 
De[)artment  of  Geography  of  the  University  of  Glasgow  gave  an  intimate  picture 
of  the  hard  life  of  the  crofters  on  the  Hebridean  island  of  Lewis.  Major  C.  Christy 
gave  traveler’s  glimpses  of  conditions  along  the  Cape  to  Cairo  railway,  5000  of 
whose  7000  miles  are  in  oiieration  and  along  the  route  of  which  there  remains  only 
a  loo-mile  gap  (Ix-tween  Nimule  and  Rejaf)  without  boat  or  rail  communication. 

Physical  gt'ography  was  represented  by  two  papers  and  by  a  joint  discussion 
with  Section  C  on  Changes  of  Sea  Level  in  Relation  to  (ilaciation.  Continental 
Shelves,  and  Coral  Islands  in  which  Professors  R.  .A.  Daly.  W.  M.  Davis,  and  .A.  P. 
Coleman  Pxik  part.  .A  pa|>er  illustrated  with  exceptional  lantern  slides  was  Dr. 
Vaughan  Cornish’s  on  Wind,  Waves,  and  .Swell  on  the  North  .Atlantic.  Professor 
W.  IL  Hobbs  of  the  University  of  Michigan  called  attention  to  the  fact  that  meteorol¬ 
ogists  in  their  descriptions  of  the  circulation  of  the  atmosphere  do  not  seem  to  have 
taken  sufficient  account  of  the  great  anticyclones  prevailing  over  the  glacial  ice  caps 
of  Greenland  and  the' .Antarctic  Continent. 

Three  other  papers  completed  the  geographical  program.  Mr.  John  Bartholo¬ 
mew,  head  of  the  F^dinburgh  Geographical  Institute,  the  well-known  map  publishers, 
six)ke  on  Modern  Developments  in  the  Use  and  Construction  of  Maps.  .An  item 
to  which  he  made  reference  is  of  interest  to  all  who  are  familiar  with  the  inadequacy 
of  the  existing  maps  in  this  field,  in  that  an  up-to-date  population  density  map  of 
the  British  Isles  is  being  pre|>ared  by  a  committee  of  British  geographers.  Mr.  J. 
H.  Reynolds  described  the  Work  of  the  Permanent  Committee  on  Gei>graphical 
Names  for  British  Official  Use.  Dr.  Marion  1.  Newbigin  discussed  the  Training 
of  the  (ieographer  in  Great  Britain. 

■A  numlier  of  papt'rs  presented  Ijefore  other  sections  were  also  of  interest  to  geog¬ 
raphers.  Of  these  it  seems  unfortunate  that,  because  of  conflicting  time  schedules, 
the  geographers  were  unable  to  hear  the  pa|X‘r  IxTore  Section  L  (Education)  on  the 
Teaching  of  the  History  and  (ieography  of  the  British  Empire  by  Professor  G.  M. 
Wrong  of  the  l^niversity  of  Toronto,  in  view  of  Professor  Wrong’s  sympathy  with 
the  geographic  viewpoint  in  history.  Before  the  same  section  Mr.  Ernest  V'^oung 
six)ke  on  Modern  Tendencies  in  the  Teaching  of  (>eography.  In  Section  .A  (Mathe¬ 
matical  and  Physical  .Science)  meteorological  topics  were  discussed  by  Sir  Napier 
Shaw  (If  the  Earth  Went  Dry)  and  Sir  Frederic  Stupart  (The  Variableness  of  Cana¬ 
dian  Winters).  Before  Section  D  (Zo6log>')  Professor  .A.  G.  Huntsman  read  a 
paper  on  the  Circulation  of  Water  off  the  Canadian  .Atlantic  Coast.  Dr.  .A.  C. 
Haddon  presented  a  suggested  .Arrangement  of  the  Races  of  Man  before  Section  H 
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(Anthropology).  Before  Section  F  (Economic  Science  and  Statistics)  Mr.  Ci.  Udny 
Vule  discussed  the  F’opulation  Problem  from  the  Standjx)int  of  the  f’earl  and  Reed 
Uw  of  Growth,  and  Professor  C.  D.  Maclver  spoke  on  Civilization  and  Population. 
Before  Section  G  (Engineering)  and  K  (Botany)  a  number  of  papers  were  read 
dealing  mainly  with  the  economic  resources  of  Canada;  on  the  water  ixtwers.  by 
Mr.  J.  B.  Challies,  Director  of  the  Water-Power  and  Reclamation  Service;  on  the 
Development  of  the  St.  Lawrence  for  Power  and  Navigation,  by  Mr.  R.  S.  Lea;  on 
Forest  Utilization  in  Canada,  by  Mr.  R.  D.  Craig;  on  the  Problem  of  the  World’s 
Timl)er  Supply,  by  Mr.  Craig  and  Mr.  F.  Storey. 

Several  excursions  were  arranged  for  during  and  after  the  session.  Of  those  under 
the  auspices  of  Section  C  (Geology)  a  local  excursion  to  study  glacial  phenomena  in 
the  Toronto  district,  mainly  in  the  Don  Valley  and  at  Scarborough  Heights,  and  an 
excursion  to  Niagara  Falls  and  the  Niagara  Escarpment  at  Grimsby  were  generally 
attended  by  the  geographers  at  the  mi'eting.  Excursions  of  geographical  interest 
were  also  made  by  the  F'ngineering  Section  in  Toronto  harbor  and  to  the  Welland 
Canal  and  the  yuetmston  hydro-electric  plant.  But  the  most  interesting  of  all  was 
the  transcontinental  excursion  across  Canada  after  the  meeting,  -August  17  to  Sep¬ 
tember  3.  The  route,  which  was  traveled  in  tw’o  special  trains,  led  to  Vancouver  by 
the  Canadian  National  Railway  and  back  to  Toronto  by  the  Canadian  Pacific  Rail- 
wav.  Technical  guide  books  were  issued:  for  the  Niagara  excursion,  by  Professor 
\.  r\  Coleman;  for  the  transcontinental  excursion,  by  Mr.  James  White.  In  addi¬ 
tion  a  valuable  handbook  of  Canada  discussing  the  history,  geography  and  economics 
of  the  country  was  issued,  which  forms  a  counterpart  and  addition,  as  it  were,  of 
the  similar  publication  issued  on  the  occasion  of  the  previous  meeting  of  the 
British  Association  in  Toronto  in  1897. 


Professor  Douglas  Johnson’s  Exchange  Professorship  in  France.  During  the 
academic  year  1922-1923  American  geographers  had  the  pleasure  of  welcoming 
Professor  Emmanuel  de  Margerie  in  his  capacity  as  Exchange  Professor  in  Engineer¬ 
ing  and  Applied  .Science  to  the  Universities  of  Harvard,  Yale,  Columbia.  Cornell, 
Pennsylvania,  Johns  Hopkins,  and  the  Massachusetts  Institute  of  Technology. 
Last  year  (1923-1924)  a  return  visit  to  France  was  made  by  an  .American  geog¬ 
rapher,  Professor  Douglas  Johnson,  representing  the  same  institutions. 

During  the  winter  Professor  Johnson  visited  the  Sorbonne  and  the  Universities 
of  Dijon,  Nancy,  Rennes,  Bordeaux,  Montpellier,  .Algiers.  Lille,  Strasbourg.  Cler¬ 
mont-Ferrand,  Lyons,  and  Grenoble,  delivering  altogether  more  than  seventy 
formal  lectures  as  well  as  making  many  shorter  speeches  and  holding  various  con¬ 
ferences  with  students,  always  in  the  French  language.  In  each  university  he  gave 
a  number  of  lectures  of  general  interest  on  such  topics  as  .American  Rivers.  Glacial 
Sculpture  in  America,  the  .Atlantic  Coast,  and  the  Grand  Canyon  of  the  Colorado. 
In  addition  he  gave  a  number  of  more  technical  lectures  for  the  benefit  of  students 
chiefly  or  technical  engineers,  on  such  subjects  as  the  Submarine  To[K)graphy  of  the 
Gulf  of  Maine,  Rectilinear  Shore  Lines  of  New  England  and  .Acadia,  the  .Application 
of  Physiography  to  Legal  Problems.  The  conferences  with  the  students  were  more 
informal  talks  in  connection  with  the  study  of  map  interpretation,  in  which  .American 
maps  were  chiefly  used.  -At  the  request  of  the  French  .Army  a  special  address  was 
given  before  the  officers  of  the  Topographic  Branch,  French  maps  IxMng  used  as  a 
basis  for  the  discussion. 

.At  many  of  the  universities  interesting  excursions  were  planned,  the  most  exten¬ 
sive  being  a  trip  from  Algiers,  across  the  .Atlas,  into  the  Sahara  to  the  present  end 
of  the  railroad  line  at  Tuggurt. 

The  University  of  Nancy  awarded  to  Mr.  Johnson  the  special  medal  of  the  uni¬ 
versity,  The  Geographical  Society  of  Bordeaux  made  him  an  honorary  meml)er 
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of  that  organization,  and  the  University  of  Grenoble  conferred  upon  him  the  degree 
of  Docteur  honoris  causa. 

Certain  of  the  lectures  will  be  published  at  an  early  date  under  the  title  "  Pay- 
sages  Americains  et  Probldmes  Gtographiques.” 

Obituary 

Mr.  George  Kennan,  well  known  as  an  explorer,  writer,  and  lecturer,  died  at 
Medina  Depot,  N.  Y.,  on  May  lO  in  his  eightieth  year.  Mr.  Kennan’s  most  interest¬ 
ing  geographical  work  arose  from  his  connection  with  the  project  of  an  “overland” 
telegraph  route  between  Europe  and  .America  via  Bering  Strait,  an  undertaking 
abandoned  on  the  successful  laying  of  the  transatlantic  cable.  In  1865  he  was  sent 
to  Siberia  to  engage  in  reconnaissance  work  over  a  part  of  the  proposed  route.  His 
surveys  included  the  previously  unexplored  region  between  the  Gulf  of  Gizhiga 
(on  the  Okhotsk  Sea)  and  the  Anadyr  River.  The  narrative  of  the  expedition  is 
told  in  “Tent  Life  in  Siberia”  (1870;  revised  edit.,  1910).  In  1870-1871  Mr. 
Kennan  explored  the  eastern  Caucasus.  In  1885-1886  he  investigated  the  Russian 
exile  system,  publishing  his  findings  in  a  two-volume  work  “Siberia  and  the  Exile 
System”  (1891).  Among  his  later  writings  mention  may  be  made  of  his  graphic 
account  “The  Tragedy  of  PeI6e”  (1902). 

Mr.  Kennan  was  a  Life  Fellow  of  the  .American  Geographical  Society  and  a  con¬ 
tributor  to  the  earlier  volumes  of  the  Society’s  Journal.  His  sustained  interest  in 
the  Society  is  manifested  in  the  bequest  to  the  institution  of  his  large  collection  of 
lantern  slides. 
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!  Two  Works  on  Political  (iKooRAPin 

I  AiKXANDER  Sl'I’an.  Leitlinien  dec  allgemeinen  politischen  Geogiaphie:  Natur- 
lehre  des  Staates.  2nd  edit.,  edited  by  Krieh  Obst.  viii  and  n*<)  pp.;  maps, 

J  diagrs.,  ill.,  index.  Vereinigung  wissenschaftlicher  Wrleger,  Walter  de  ('.ruyter 

I  iV  Co.,  Berlin  and  Leipzig,  1922. 

1  In  .Su|)an’s  great  work  on  the  population  of  the  earth  the  methixl  was  rigidly  statis- 
j  tkal.  The  .second  stage  of  his  development  was  marked  by  the  production  of  two 
:  Itooks,  “(Irundzuge  der  Physischen  Krdkunde"  and  “Die  Territoriale  Entwicklung 

I  der  Kuropaischen  Kolonien,”  in  which  the  same  quality  ap|K'ars  in  high  degree. 

?  There  are  also  exhibited  the  rigid  tests  and  masterly  restraints  that  we  expect  to 

find  in  a  truly  scientific  production  by  a  mature  scholar.  His  last  work  (published 
posthumously)  was  in  the  field  of  (xditical  geography,  and  here  there  was  freer 
*  play  for  the  imagination  and  esix*cially  for  oinnion,  and,  we  regret  to  add,  for  prej- 
^  udice.  The  times  had  changed:  he  stood  on  the  threshold  of  the  new,  or  jx>st-war, 

I  world  as  a  German  and  saw  wreckage  everywhere.  The  despair  that  he  felt  is 

i  conveyed  to  these  pages,  and  it  is  but  just  to  his  memory  and  to  his  earlier  work  that 

i  the  basis  of  it  be  remembered  when  reading  some  of  the  strictures  that  follow. 

!  The  trouble  with  Supan’s  philosophy  lies  in  his  almost  instinctive  search  for  a 
I  “system”  wherein  should  be  rationalized  the  facts  comprised  in  {xilitical  geography. 

It  is  as  if  he  searched  for  laws  akin  to  those  that  govern  the  physical  world.  It  is 
?  characteristic  of  the  (ierman  sch(X)l  of  political  geography  that  its  logic  so  often 

I  rests  ufxin  mere  classification,  and  the  descent  is  not  far  from  this  to  obiter  dicta 

■  and  the  worship  of  ritual  and  mummery.  There  is  much  that  is  excellent  in  Supan’s 

i  book,  and  to  this  we  shall  presently  give  full  credit.  Here,  the  point  of  emphasis  is 

i  the  spirit  and  logic  of  the  work  as  a  whole.  The  worst  example  of  the  illogical  is  in 

!  the  first  paragraph  of  the  first  page:  institutions  are  the  means  of  achieving  civili- 

zation;  the  state  furnishes  the  means  of  existence  of  such  institutions;  the  state  is 
]  the  foundation  of  civilization  or  culture;  one  cannot  think  highly  enough  of  the 
state.  The  alternative  to  this  policy  is  individualism  whose  baneful  effects  he  finds 
illustrated  in  communistic  Russia.  Such  an  eye  is  too  largely  filled  with  European, 

]  i.  e.  near-by,  examples.  Such  a  philosophy  seeks  to  draw  out  leviathan  with  a  hook, 

i  With  that  history  those  things  may  be  e.xpected,  but  what  of  the  fresh  examples 

overseas?  A  large  part  of  the  world  is  jiolitically  in  the  pioneering  stage;  its  philoso¬ 
phy  is  certainly  more  indi'  idualistic  and  democratic;  is  it  so  near  the  abyss  as 
=  Europe  today?  When  Supan  turns  scientist  his  thought  is  always  illuminating; 
witness  especially  his  distinction  l)etween  the  active  and  pa.ssive  spaces  and  his 
emphasis  upon  the  necessity  of  comparing  active  with  active  when  we  compare  two 
~  nations,  otherwise  we  do  not  apply  the  proper  shrinkage,  for  example  to  northern 
('anada  and  Russian  Siberia.  He  rightly  criticizes  Ratzel's  overemphasis  of  space 
alone  whereas  it  is  people,  nations,  societies,  and  cultures  that  give  space  its  chief 
geographical  significance.  He  draws  a  startlingly  clear  picture  of  the  flowing,  not 
the  static,  life  of  boundaries.  Even  if  by  some  process  of  necromancy  boundaries 

Lwere  adjusted  on  all  frontiers  to  national  needs  and  if  projx-r  economic  advantages 
and  political  scojie  were  given  to  every  nation,  the  equilibrium  would  last  but  for  a 
moment,  just  as  in  the  case  of  an  equal  distribution  of  wealth  among  a  whole  popu¬ 
lation.  Birth  rates  differ,  industries  and  natural  resources  differ,  vital  energy  and 
I  initiative  differ.  Inequalities  arise  from  these  and  other  causes,and  strife  and  shifting 
boundaries  once  more  occur.  There  is  virtue  in  the  argument  of  “organic  bound- 

I  fib.S 


aries"  and  ihe  philosophy  of  I^hensranvi,  but  they  are  oj)en  to  abuse  like  the 
arguments  based  on  histon.'  and  military  necessity  of  w  hich  much  use  was  sought  to 
l)e  made  at  the  I’aris  Conference  of  1919.  Curzon’s  argument  regarding  the  pro¬ 
tection  of  the  Indian  frontiers  is  the  inevitable  one  employed  in  advocating  “natural 
frontiers”  and  in  following  a  purely  territorial  policy  as  opposed  to  a  national  i)olicv 
It  is  the  large  states,  curiously  enough,  that  retiuire  the  most  elbow  room  and  sotk 
most  aggressively  for  increase  of  space  and  power  often  to  the  point  of  weakening 
the  central  state  and  government.  In  all  times,  large  and  small  states  have  existed 
on  account  of  differences  in  tojiographic  layout,  resources,  stages  of  development, 
and  the  like.  The  sea  and  the  desert  give  geographical  position  its  greatest  force 
and  meaning,  while  mountains  were  early  reduced  in  importance  on  account  of  the 
passes  at  the  heads  of  dtnjp  valleys,  though  they  still  exercise  a  measurable  and  often 
a  strong  political  influence,  as  is  shown  in  the  case  of  Tibet. 

The  historical  rfile  of  great  cities  is  discussed  together  with  their  function  as  polit¬ 
ical  centers  and  even  as  states  before  land  and  territory  had  (tolitical  value.  \Vhat 
a  far  cry  is  this  from  the  condition  of  the  world  today,  when  even  the  empty  spaces 
are  no  longer  non-political.  Great  Britain  in  Antarctica,  France  in  the  Sahara,  and 
all  great  {X)wers  with  respect  to  the  sea.  illustrate  the  generalization.  Nonpolitical 
areas  are  all  but  nonexistent.  Border  belts  have  thinned  to  line  boundaries.  Neu¬ 
tral  zones,  like  that  between  Norway  and  Sweden,  have  almost  disappeared 

Such  are  a  few  of  the  objective  and  impersonal  illustrations  from  political  geog- 
raphy  in  which  the  text  abounds.  Interspersed  are  many  examples  of  the  philoso¬ 
phy  to  which  we  referred  at  the  beginning.  The  author  disparages  Woodrow  Wilson 
among  other  things  for  being  led  astray  by  pseudo-nationality  as  illustrated  bv 
Czechoslovakia;  but  who  should  absorb  the  Czechs  if  there  were  no  Czechoslovakia 
he  does  not  say.  Is  it  only  “pseudo”  when  Germans  are  absorbed?  The  so-called 
“colonial  quotient"  (pp.  22-23)  appears  to  be  a  barren  basis  of  argument  to  all  but 
a  Germany  bereft  of  her  colonies.  “The  Englishman  regards  himself  as  the  divinely 
appointed  Lord  of  the  Elarth,”  is  a  sentence  which  an  American  scholar  might  speak 
in  an  unguarded  moment,  but  he  would  hardly  write  it.  The  same  is  true  of  the 
reiterated  charge  that  France  is  “atheistic”  and  “.sterile.”  Self-determination  fits 
Supan’s  idea  of  the  state  as  at  once  the  mother  and  protector  of  all  culture;  and  it 
is  a  solace  for  a  Germany  shorn  of  territory,  east  and  west,  that  is  peopled  by  (icr 
mans.  Would  it  have  been  a  part  of  his  “system”  if  German  arms  had  extended 
their  sway  to  the  outer  marches?  Pan-Slavism,  Pan-Germanism,  Pan-Turkisin,  and 
Pan-Islamism  have  all  gone  their  way,  and  he  thinks  they  are  an  illusion  but  that 
connationality  has  possibilities.  Asia  for  the  Asiatics  and  .-\frica  for  the  .Mrican* 
is  a  policy  he  approves,  but  in  Europe  it  is  quite  different;  and  the  book  ends  on  a 
bitter  note  that  refers  particularly  to  the  loss  of  the  German  colonies  as  a  violation 
of  any  possible  economic  system.  He  inquires  meaningly.  Cannot  Slavs  and  (icr- 
mans  unite  as  a  counterpoise  to  Anglo-Saxons,  Latins,  and  Japanese? 

Friedrich  R.xtzel.  Politische  Geographic.  3rd  edit.,  revised  and  enlarged  by 
Eugen  Oberhummer.  xv  and  626  pp.;  maps,  inde.xes.  R.  Oldenbourg,  Munich 
and  Berlin,  1923.  $3.50.  10  x  7  inches. 

Where  the  old  political  geography  was  constituted  by  an  unorganized  assemblage  of 
statistical  facts  Ratzel  made  a  scientific  inquiry  into  the  relations  existing  between 
land  and  state  or  between  geography  and  national  policy.  -A  quarter  of  a  century 
since  its  first  publication  (1897)  there  appears  the  third  edition  of  Ratzel’s  pioneer 
effort  to  lift  political  geography  to  the  rank  of  a  science.  His  work  starts  from  a  geo¬ 
graphical  conception  of  the  state,  “liecause  the  state,  in  all  its  stages  of  political 
evolution,  maintains  a  constant  and  necessary  connection  with  its  land.”  This  na¬ 
tional  territory  has  get)graphical  location,  area,  and  climate;  it  embraces  a  group  of 
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natural  features;  it  is  delimited  by  boundaries  drawn  on  the  earth’s  surface:  and  it 
sustains  definite  relations  with  its  political  neighbors.  To  this  coniple.\  of  geographic 
conditions  the  state  adjusts  itself  in  the  course  of  its  development,  exploiting  its 
natural  ad\  antages  to  build  up  political  power  and  to  overcome  the  handicaps  of  its 
en'iromnent. 

The  study  of  this  land-rooted  state  requires  the  “geographical  sense’’  which  has 
always  characterized  practical  statesmen,  like  Disraeli  and  Thomas  Jefferson,  and 
which  has  distinguished  whole  nations,  like  the  British.  In  such  it  is  called  politico- 
economic  foresight,  political  instinct,  or  imperialistic  policy;  but  at  bottom  it  means 
a  correct  estimate  of  the  geographic  basis  of  national  power,  an  eye  for  the  main 
geographic  chance.  This  "geographical  sense”  contributes  to  the  evaluation  of  polit¬ 
ical  policies  and  the  understanding  of  many  historical  events.  Ratzel  formulated 
guiding  principles  and  reduced  them  to  a  scientific  system.  His  “  Political  Geography,” 
therefore,  was  such  as  to  make  a  strong  appeal  to  statesmen  and  historians  as  well  as 
to  geographers.  Such  an  appeal  it  did  make,  significantly  enough,  to  the  practical 
English,  who  might  well  have  adopted  it  as  the  Bible  of  their  foreign  ix)licy.  In 
Germany  it  was  more  appreciated  by  students  of  political  science  than  by  the  geogra¬ 
phers;  for  these,  committed  to  physical,  economic,  and  commercial  geography  as  the 
orthodox  branches  of  their  subject,  frowned  upon  the  new  science  as  nonconformist. 
Hence  for  some  twenty  years  it  stimulated  little  or  no  effort  among  German  geogra¬ 
phers  to  till  the  promising  field.  Then  the  World  War  came  and  by  its  cataclysmic 
forces  thrust  into  prominence  innumerable  concrete  problems  of  jx^litical  geography, 
which  set  up  a  new  demand  for  scientific  political  geography.  Geographers  like  Hett- 
ner,  Supan,  and  Schliiter  reversed  their  previous  positions  and  welcomed  the  subject 
into  the  inmost  circle  of  the  scientific  geography.  In  1918  appeared  the  first  edition 
of  Supan’s  “Leitlinien  der  allgemeinen  politischen  Geographic,”  with  a  preface  assign¬ 
ing  to  political  geography  a  new  importance  in  order  to  counterbalance  the  prepon¬ 
derant  development  of  geography  on  the  physiographic  side.  .Articles  and  treatises  by 
Partsch,  Karl  Dove,  Hettner,  Schliiter,  Walter  Vogel,  Dix,  Sieger,  and  Kjellen,  the 
latter  a  follow'er  of  Ratzel,  appeared  in  rapid  succession. 

The  new  edition  of  Ratzel’s  work  is  a  response  to  the  new  demand.  Some  redundant 
material  has  been  eliminated  from  the  original  copy  in  the  present  volume,  which  is 
enriched,  moreover,  by  a  scholarly  historical  sketch  of  political  geography  by  the 
editor.  In  a  footnote  Professor  Oberhummer  expresses  his  regret  that  he  has  been 
unable  to  include  in  the  sketch  the  recent  foreign  contributions  to  the  subject,  because 
he  did  not  have  access  to  the  books. 

Eli.en  Churchill  Semple 


CtEOGR.VPHY  .\ND  N ATIO.NALITIES 

.Arnold  Van  Gennep.  Trait6  comparatif  des  nationalit^s.  Vol.  i,  Les  Elements 
ezt^rieurs  de  la  nationality.  228  pp.;  index.  Payot  &  Co.,  Paris,  1922.  8  fr. 
9x6  inches. 

The  problem  of  nationality  and  of  nationalism,  or  the  aggressive  manifestation 
of  the  spirit  of  nationality,  is  one  in  regard  to  which  there  has  been  an  infinite 
amount  of  vague  thinking  and  loose  writing.  The  book  under  review  gives  satis¬ 
faction  because  it  is  based  upon  the  observ'ation  and  comparison  of  facts  rather  than 
upon  prejudice,  sentiment,  and  abstract  theory.  The  author  proceeds  inductively: 
through  the  systematic  examination  of  the  various  elements  and  expressions  of 
nationality  he  would  arrive  at  some  generalizations  regarding  its  nature  and  the 
manner  in  which  it  may  be  guided  into  channels  conducive  only  to  the  good  of 
humanity.  In  the  present  volume  he  deals  with  the  “external  symbols”  of  nation¬ 
ality:  the  second  and  third  will  be  devoted  to  a  far  more  difficult  subject,  "the  in- 


668 


THE  GEOGRAPHICAL  REVIEW 


ternal  elements  and  factors  of  nationality”  and  “the  general  laws  which  govern 
its  birth  and  control  its  evolution.”  Let  us  hope  that  the  conclusion  of  the  work  will 
measure  U[)  to  the  first  part  in  scholarship  and  logical  clarity  of  presentation! 

The  {)roblem  of  nationality  is  often  thought  of  as  exclusively  one  of  hisiorv.  or 
of  political  theory,  or  of  mass  psychology.  V’an  Gennep  recognizes  the  immense 
importance  of  the  geographical  factor,  and  his  footnote  references  show  that  he  is 
thoroughly  versed  in  recent  geographical  thought  upon  the  subject. 

Among  the  external  symbols  of  nationality  some  are  temporary  and  accidental, 
changing  with  time  and  custom  as,  for  instance,  a  characteristic  style  of  tattoo  or 
costume,  of  flag  or  alphabet,  of  house  form  or  village  plan.  More  significant,  how¬ 
ever,  are  the  semi-|)ermanent  symbols:  language  and  territory. 

Language  is  often,  though  not  invariably,  a  criterion  for  the  determination  of 
nationality.  The  recent  history  of  Central  and  Eastern  Europe  shows  the  lengths 
to  which  nationalism  may  go  in  an  eflfort  to  suppress  a  language  symbolic  of  an 
alien  and  potentially  hostile  nationality.  V'ery  illuminating  is  Van  Gennep’s  dis¬ 
cussion  of  official  methods  of  perverting  and  misinterpreting  linguistic  and  other 
statistics. 

The  most  nearly  {)ermanent  as  well  as  the  most  impressive  of  all  the  symbols 
of  a  nationality  is  the  territory  it  occupies.  This  territory  is,  of  course,  not  neces¬ 
sarily  the  same  as  the  territory  of  a  (X)litical  state  or  of  a  linguistic  area.  “In  order 
that  a  given  territory  may  fully  acquire  its  symbolic  value,  one  should  know  where 
it  ends.”  In  other  words,  the  problems  of  the  “ nationalitary  frontiers” — to  use 
a  neatly  coined  adjective  employed  by  \’an  Gennep — and  of  their  relations  to  lin¬ 
guistic,  political,  economic,  strategic,  and  natural  frontiers  are  of  major  importance 
in  the  study  of  nationalities.  They  are  essentially  geographical  problems. 

Particularly  interesting  in  view  of  the  theoretical  nature  of  many  geographical 
studies  of  these  matters  are  V’an  Gennep’s  observations  on  so-called  “natural  fron¬ 
tiers.”  How  far  can  it  be  asserted  that  the  various  types  of  human  frontier  actually 
correspond  to  such  natural  features  as  the  crest  lines  of  mountains,  water  partings, 
or  rivers?  Is  there  a  general  law  indicating  that  they  tend  so  to  correspond?  The 
author  answers  both  of  these  questions  in  the  negative.  Detailed  and  critical  ex¬ 
amination  of  the  facts  seems  to  show  that  only  in  exceptional  cases  do  such  coinci¬ 
dences  occur.  A  great  river  tends  rather  to  unite  than  to  sej)arate  the  people  dwell¬ 
ing  on  either  side,  and  a  great  mountain  range  from  the  point  of  view  of  nationality 
and  language  may  be  regarded  as  a  “dorsal  spine”  rather  than  as  a  barrier.  The 
theorists  who  seek  a  direct,  necessary,  causal  relation  between  the  areas  occupied 
by  nationalities  or  language  groups  on  the  one  hand  and  natural  regions  on  the 
other  confuse  “two  series  of  facts  essentially  independent.” 

A  French  Series  on  "The  Evolution  of  Humanity” 

Edmond  Perrier.  La  terre  avant  I’histoire:  Les  ori|pnes  de  la  vie  et  de  I’homme. 
xxviii  and  414  pp. ;  maps,  bibliogr.,  index.  (L’Evolution  de  THumanit^,  Vol. 
1.)  La  Renaissance  du  Livre,  Paris,  1920.  15  fr.  8x6  inches. 

Jacques  de  Morgan.  L’HumanitI  pr^historique :  Esquisse  de  pr^histoire  gener- 
ale.  xix  and  330  pp.;  maps,  ills.,  bibliogr,,  index.  (L’£volution  de  I'Humanite, 
Vol.  2.)  La  Renaissance  du  Livre,  Paris,  1921.  15  fr.  8x6  inches. 

L’Kvolution  de  I’Humanit^  is  the  title  of  an  interesting  series  which  ho|K’s,  in 
26  or  more  volumes,  to  give  its  readers  a  sketch  of  evolution  and  princi|xilly  of 
human  and  social  evolution.  The  printing  and  pa|ier  are  the  simplest  and  chea|)est 
so  that  the  price  may  Ik?  as  low  as  possible.  It  is  felt  that  the  discussion  of  evolu¬ 
tion  is  closed  and  the  idea  definitively  established  and  that  one  may  venture  ujwn 
a  kaleidoscopic  review  in  preparation  for  further  discussion  of  the  steps  and  the 
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processes  of  evolution.  The  first  volume  of  the  series  bears  the  great  name  of  the 
Professor  of  Comparative  Anatomy  at  the  Natural  History  Museum  at  Paris.  It 
attempts  a  sketch  of  evolution  up  to  the  appearance  of  man,  and  the  biological 
reader  will  follow  with  great  interest  and  frequent  agreement  the  thoughts  of  the 
famous  author  about  different  groups  of  animals  and  plants.  .At  the  same  time  he 
tnav  well  regret  that  the  attempt  was  made  to  compress  all  into  one  volume  and 
that  the  opixirtunity  was  not  taken  to  get  some  one  like  M.  de  Margerie  to  write 
of  the  evolution  of  the  earth  and  the  succession  of  Horas  and  faunas  in  their  relation 
to  earth  changes.  Those  who  know  de  Margerie’s  version  of  Suess  will  feel  that  a 
summing  up  by  him  might  have  illuminated  many  points  i)erforce  left  vague  or 
unnoticed.  The  discussion  of  the  history  of  climate,  again,  is  not  of  great  value  and, 
as  the  manuscript  was  largely  written  in  1914,  does  not  take  into  account  the 
contributions  either  of  C.  E.  F.  Br(K>ks  or  of  Huntington  to  this  difficult  but  most 
fascinating  subject.  On  the  other  hand,  the  wide  and  ripe  knowledge  of  forms  of 
life  that  Perrier  has  amassed  is  he*-e  utilized  to  give  a  sketch  that,  with  occasional 
references  to  some  standard  biological  textbook,  may  become  valuable  and  illuminat¬ 
ing  even  to  the  non-specialist. 

The  general  succession  of  ideas  in  the  book  starts  with  a  very  short  notice  of  the 
birth  of  the  earth  and  the  transformations  of  land  masses  and  attendant  climatic 
changes.  Then  it  surveys  early  forms  of  life  and  the  plans  on  which  organisms  are 
built.  In  concluding  this  section  the  author  notes  the  fragmentary  nature  of  the 
life  of  continents,  abysses,  and  open  seas  and  the  large  proportion  of  that  life  which 
shows  high  specialization  and  which  seems  to  belong  to  fairly  recent  types,  leaving 
the  reader  to  infer  the  importance  of  the  shore  zone  as  a  home  of  early  life  and  the 
sjiread  of  forms  of  life  from  it  in  all  directions.  The  second  section  surveys  life 
in  the  Paleozoic,  Mesozoic,  and  Cainozoic  periods  and  sketches  very  briefly  the 
origins  of  man.  Many  of  the  opinions  expressed  are  open  to  dispute,  but  that  tyjje 
of  dispute  would  concern  more  especially  the  zoologist.  In  spite,  however,  of 
points  here  and  there  which  are  either  disputable  or  left  hazy,  the  reader  will  admit 
that  Perrier  has  executed  a  tour  de  force  and  will  enjoy  this  work. 

De  Morgan’s  volume,  the  second  in  this  series,  shows  a  better  proportion  of  its 
[wrts  than  do  some  other  books  on  prehistory  for,  in  the  first  and  chronological 
section  the  Old  Stone  .Age  is  not  given  much  more  space  than  the  subsequent  periods 
(Neolithic,  Bronze,  and  Early  Iron  Ages)  down  to  the  opening  of  historic  time. 
The  second  section  discusses  dwellings,  the  food  quest,  clothing,  and  ornament. 
The  third  deals  with  the  intellectual  development  and  interrelations  of  peoples. 

The  book  has  considerable  interest  as  being  the  work  of  one  who  has  been  deal¬ 
ing  with  prehistoric  problems  for  many  years;  but  it  could  hardly  be  expected  to  be 
fully  up  to  date,  and  one  notices  many  cases  of  omission  or  imperfect  use  of  authori¬ 
ties.  The  study  of  prehistoric  times  is  now  developing  so  fast  and  in  so  many  coun¬ 
tries  that  it  is  difficult  for  even  the  most  active  mind  to  keep  pace  with  results. 

The  table  showing  the  relation  of  our  hypothetical  Paleolithic  “periods”  to  phases 
of  the  Ice  .Age  given  by  de  Morgan  is  based  on  that  published  by  Boule  in  1906, 
since  when  much  has  been  worked  out  as  readers  of  Man  for  1921-1923  will  know. 
The  maps  of  distributions  of  Paleolithic  cultures  are  open  to  discussion  in  some 
points,  while  in  others  the  difficulty  and  the  disparities  between  de  Morgan  and 
other  authorities  arise  from  uncertainties  which  warn  us  that  even  the  accepted 
classifications  may  be  modified.  The  Neolithic  Period  would  need  a  fresh  treat¬ 
ment  following  on  the  work  of  Ischer  and  of  Aberg,  not  to  mention  others,  while 
the  Bronze  .Age  is  being  considered  anew,  thanks  to  the  vast  catalogue  of  Bronze 
Finds  compiled  for  Great  Britain  in  recent  years  under  the  direction  of  H.  J.  Peake 
and  now  in  the  library  of  the  Society  of  Antiquaries  of  London.  The  volume, 
in  fact,  stands  as  a  closing  chapter  of  the  earlier  period  of  thought.  Needless  to 
say,  there  are  many  illuminating  remarks  and  suggestions  scattered  through  it; 
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and  it  may  serve  as  a  useful  jumping-off  ground  for  a  student  who  wants  to  proceed 
next  to  the  mastery  of  current  controversies  in  this  rapidly  changing  sphere  of 
thought  and  research. 

H.  J.  F1.EIRE 


The  Pyrenees  and  Cantabrian  Mountains 

M.  SoRRE.  Les  Pyrenees.  216  pp.;  maps,  diagrs.,  ills.,  bibliogr.,  glossary.  (Col¬ 
lection  Armand  Colin,  No.  15.)  Librairie  .\rmand  Colin,  Paris,  1922.  5  frs. 

7  X  inches. 

F.  Schrader.  Massif  de  Gavamie  et  du  Mont  Perdu.  1:20,000.  Henry  Harrere, 
Paris,  1914. 

Ludovic  Ciaurier.  £tudes  glaciaires  dans  les  Pyrenees  fran raises  et  espagnoles 
de  1900  k  1909.  With  a  preface  by  Charles  Rabot.  xvi  and  363  pp.;  map, 
diagr,,  ills.  Pan,  1921.  9^^  x  inches. 

Pedro  Pidal  and  J.  F.  Zabala.  Picos  de  Europa:  Contribuci6n  al  estudio  de  las 
montaftas  espafiolas.  120  pp.;  maps,  ills.,  index.  Club  .-Mpino  Esfafiol, 
Madrid,  1918.  11x8  inches. 

d’.\.  de  Saint-Saud.  Monographie  des  Picos  de  Europa  (Pyr6n6es  Cantabriques 
et  Asturiennes).  With  a  Preface  by  F.  Schrader,  xiii  and  271  pp.;  map. 
diagr.,  ills.,  index.  Accompanied  by  portfolio  of  four  maps  by  L.  .Mauty. 
Henry  Barr^re,  Paris,  1922.  Text  10  x  inches,  portfolio  ii}4  x  8J4  inches. 

M.  Sorre’s  well  balanced  and  picturesquely  phrased  little  regional  study  of  the 
Pyrenees  represents  the  best  traditions  of  the  modern  French  school  of  geography. 
It  comprises  three  parts:  the  first  gives  a  general  view  of  the  Pyrenees  as  a  whole; 
the  second  a  detailed  account  of  the  different  regions  into  which  they  may  be 
divided;  and  the  third  a  brief  discussion  of  their  natural  resources.  The  volume  is  a 
scholarly  popularization  of  a  type  which  the  French  show  true  genius  in  producing. 

Although  neither  as  lofty  nor  as  extensive  as  the  Alps,  the  Pyrenees  may  never¬ 
theless  be  regarded  as  a  mountain  region  of  the  first  order  on  the  basis  of  other 
elements  than  topography.  The  climate,  for  instance,  though  modified  by  the  nar¬ 
rowness  of  the  range  and  by  the  equalizing  breath  of  the  ocean,  reveals  such  phenom¬ 
ena  as  the  pronounced  local  inversions  of  temperature  and  the  well -developed 
valley  breezes  associated  only  with  high  mountains.  The  Pyrenees  are  also  suffi¬ 
ciently  high  and  well-defined  to  mark  a  climatic  frontier  between  the  dry’  plateaus 
of  northern  Spain  and  the  rainy  plains  of  southeastern  France.  There  are  likewise 
striking  differences  between  the  moist  western  valleys  on  the  French  side  and  the 
warmer,  drier  pockets  of  Roussillon  and  Cerdagne  where  Mediterranean  influences 
prevail.  From  the  human  point  of  view  local  climates,  soils,  and  topography  are 
sufficiently  varied  to  have  given  rise  to  some  of  those  conditions  of  life  typical  only 
of  truly  Alpine  environments:  “ces  d^placements  p^riodiques,  ce  rythme  saisonnier 
de  la  vie  qualifid  parfois  de  nomadisme  non  sans  abus  de  langage,  et  I'autonomie  des 
valines  et  I’^migration.” 

The  uplifted  eastern  half  of  the  Pyrenees  was  maturely  eroded  during  a  former 
cycle  of  erosion  before  the  uplift  took  place.  It  now  presents  smoothly  sweeping 
slopes  into  which  the  streams  of  the  present  cyxle  are  vigorously  cutting  young  val¬ 
leys.  To  the  west  the  present  cycle  has  progressed  far  enough  to  wear  away  most  of 
the  older  surfaces,  leaving  bold  and  rugged  summits.  Glacial  action  has  also  con¬ 
tributed  to  the  roughening  of  the  topography.  The  famous  Cirque  de  Gavarnie,  at 
the  headwaters  of  the  Gave  de  Pau,  is  an  impressive  amphitheater,  scooped  out  in 
the  past  by  vastly  larger  glaciers  than  those  now  clinging  to  its  walls.  Schrader's 
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striking  map  represents  graphically  the  contrast  between  the  cliffs  of  the  cirque 
and  the  smooth,  mature  slopes  out  of  which  the  cirque  has  been  cut. 

Compared  with  the  glaciers  of  the  .-\lps  the  existing  glaciers  of  the  Pyrenees  are 
insignificant,  .^together  they  occupy  barely  more  than  25  square  kilometers — an 
area,  as  M.  Charles  Rabot  explains  in  his  preface  to  M.  Gaurier’s  book — alx)ut 
equivalent  to  that  of  a  single  .Alpine  glacier  of  average  size.  These  glaciers,  never¬ 
theless,  are  important  in  that  they  serve  as  sensitive  indices  of  climatic  change. 
The  water  supply  which  they  and  the  melting  snows  of  the  mountains  give  forth 
in  the  summer  determines  to  a  large  extent  the  agricultural  and  industrial  destinies 
of  the  Pyrenean  valleys.  M.  Gaurier’s  monograph,  when  complete,  will  be  a  detailed 
study  of  the  glaciers  past  and  present  and  of  the  hydrography  of  the  Central  Pyre¬ 
nees.  The  present  volume,  devoted  to  glaciers,  lakes,  streams,  and  snowfall  of  the 
vallevs  contributory  to  the  Gave  de  Pau  and  to  the  hydrography  of  the  Gave  d’Ossau, 
is  of  great  value  by  reason  of  the  wealth  of  careful  and  minute  observations  of  which 
it  forms  the  record. 

The  Picos  de  Europa  are  the  highest,  wildest  crags  of  the  Cantabrian  mountains, 
tojwgraphically,  at  least,  the  westward  continuation  of  the  Pyrenees  in  northern 
.''l>ain.  Though  the  loftiest  summit  does  not  rise  above  2639  meters  (8658  feet), 
the  massif  is  Alpine  in  the  rugged  character  of  its  crests  and  in  the  presence  of 
snow  fields  and  small  glaciers.  Sometimes  not  altogether  aptly  it  has  been  styled 
the  Dolomites  of  Spain.  The  two  volumes  listed  ^bove  which  deal  with  these  moun¬ 
tains  are  the  work  of  mountaineering  enthusiasts;  enthusiasts,  how'ever,  with  pro¬ 
nounced  scientific  interests,  who  have  incorporated  into  their  books,  besides  the 
narratives  of  ascents,  observations  of  no  little  value  on  topography,  geology,  climate, 
and  people. 

Lieutenant  Maury’s  maps  of  the  Picos  de  Europa,  which  accompany  the  Comte 
de  St.  Saud’s  volumes,  have  been  drawn  in  the  spirit  of  scientific  cartography; 
rt'gions  not  actually  observed  are  left  blank.  These  maps,  together  with  Schrader’s 
“Gavarnie,"  are  unusually  valuable  contributions  to  the  documentary  material 
available  for  the  study  of  the  comparative  physiography  of  high  mountains. 

Travel  Note.s  in  Italian  Somaliland 

Giuseppe  Stefanini.  In  Somalia:  Note  e  impressioni  di  viaggio.  343  pp.;  map, 
ills.  Felice  Le  Monnier,  Florence,  1922.  9)^  x  inches.  45  lire. 

This  volume  presents  a  semipopular  record  of  a  tour  undertaken  in  1913  under 
the  auspices  of  the  Government  of  Italian  Somaliland,  primarily  for  a  study  of  its 
subterranean  water  sources  and  to  obtain  some  knowledge  of  the  geology  and  min¬ 
eralogy  of  the  colony.  The  political  capital,  Mogadishu,  founded  about  900 
.\.  D.,  and  most  flourishing  under  the  M’doffer  dynasty  (1200-1600),  is  described 
at  some  length  with  an  outline  of  its  history;  but  its  ancient  mosques,  which  would 
well  deserve  consideration,  are  dismissed  with  tantalizing  brevity — a  statement 
which,  unfortunately,  also  holds  true  for  the  account  of  the  Mohammedan  ruins 
at  -Amarr  Gegeb,  about  five  kilometers  to  the  southwest.  Merka,  the  agricultural 
center,  and  Barava,  the  chief  commercial  port — both  ancient  town.s — are  likevsise 
described;  but  the  account  of  Bardera  seems,  except  as  a  picture  of  a  large  5k)mali 
village,  a  little  disproportionate,  particularly  as  it  is  scarcely  likely  to  become  of 
either  commercial  or  industrial  imivortance,  while  its  present  political  and  military 
value  may  prove  evanescent.  Pre-Somali  remains,  in  the  form  of  stone  walls,  are 
found  at  Isha  Baidoa,  as  well  as  at  Uambatti  and  El  Dem;  but,  unfortunately,  no 
photographs  are  given,  though  at  least  one  would  have  been  very  welcome  to  the 
archeologist. 
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In  view  of  our  somewhat  scanty  knowledge  of  the  geography  of  Italian  Somali- 
land,  particular  interest  attaches  to  the  author’s  study  of  the  Webi  Shebeli,  which 
for  some  300  kilometers  runs  closely  parallel  to  the  coast,  being  only  14  kilometers 
from  the  sea  at  Merka,  and  which,  further  south,  seems  to  disappear,  emptying 
neither  into  the  ocean  nor  into  another  river.  It  is  |x>ssible  that  the  marshes  where 
the  Shebeli  vanishes  may  possess  some  outlet  which  conducts  the  spate  wattTs  of 
the  stream  to  the  Juba,  though  this  remains  to  be  found;  and  the  peculiar  course 
ohthe  river  appears  to  have  been  caused  by  the  formation  of  coastal  dunes.  Similarly 
the  Juba,  until  1909,  was  parallel  to  the  sea  and  only  a  few  meters  distant  from  it 
for  over  three  kilometers;  but  suddenly  it  broke  through  the  barrier  and  formed  a 
new  mouth,  the  old  one  gradually  silting  up.  The  entire  fourth  chapter  is  devoted 
to  a  descrijuion  of  the  course  of  the  Juba. 

The  interesting  problem  of  place  names  receives  further  illustration  from  the 
toponymy  of  Somaliland,  where  the  great  majority  of  appellations  are  derived 
from  animals,  vegetation,  or  soil,  as  “Red  Ox,”  “High  Palm,”  “Place  of  Stones." 

The  ethnology  of  the  Somali  is  briefly  considered.  The  aboriginal,  agricultural 
negroes  were  conquered  by  three  waves  of  pastoral  Somali,  moving  from  north  to 
south;  and  there  are  likewise  mixed  breeds,  who  form  distinct  tribes.  The  dwell¬ 
ings  are  likewise  of  three  types.  Note  is  also  made  of  trees  marked  with  tribal 
signs  whose  complete  elucidation  has  not  yet  been  made. 

The  author  is  able  to  give  only  scanty  hopes  of  important  mineral  resources  in 
Italian  Somaliland.  On  the  other  hand,  a  railway  mi^ht  prove  of  economic  value. 
Two  lines  have  l)een  suggested:  one  coastal  and  the  other  interior.  The  former, 
with  its  center  at  Barava,  which  might  at  great  expense  be  made  a  port  to  serve 
at  all  times  of  year,  would  not  tap  the  retroterra,  whose  trade  is  gradually  being 
absorbed  by  the  French  to  the  north  and  by  the  British  to  the  south.  The  second 
line,  in  the  author’s  opinion,  would  be  far  preferable  as  tapping  the  Baidoa  (the 
natural  route  to  the  Galla  country  and  to  the  Shoa);  and  it  should  extend  to  Logh 
or,  better  still,  to  Dolo. 

Finally,  as  regards  cartography,  it  should  be  observed  that  existing  maps  of  this 
region  are  quite  unreliable;  but  the  Istituto  Geografico  Militare  is  engaged  in 
making  a  map  on  the  scale  of  i :  50,000. 

Louis  H.  Gr.\y 


Miscellanies  of  Travel  Memories 

G.  N.  CuRZON.  Tales  of  Travel.  405  pp.;  map,  ills.,  index.  George  H.  Doran  Co., 
New  York,  1923.  $7.50.  9J^  x  6>it  inches. 

D.  \V.  Freshfield.  Below  the  Snow  Line,  viii  and  270  pp.;  maps,  index.  Con- 
stable  &  Co.,  Ltd.,  London,  Bombay,  Sydney,  1923.  l8s.  9x6  inches. 

Lord  Curzon's  volume  consists  of  miscellaneous  essays  on  a  broad  range  of  topics. 
-Many  of  these  deal  with  experiences  drawn  from  journeyings  on  errands  of  pleasure 
or  diplomacy  in  nearly  all  parts  of  the  world.  Most  absorbing  is  the  account  of 
a  visit  in  1894  to  the  .•Xmir  of  Afghanistan,  .-Xbdur  Rahman  Khan,  a  medieval  despot 
of  a  ty|ie  the  Orient  occasionally  produces  even  in  modern  times,  a  “strange  and 
almost  incredible  amalgam  of  the  jester  and  the  cynic,  the  statesman  and  the 
savage,”  in  whom  “a  passion  for  cruelty  was  one  of  his  most  inveterate  instincts.’’ 
\  map  accompanied  by  a  proclamation  issued  by  the  Amir  and  used  to  arouse  the 
l>atriotism  of  his  subjects  is  reproduced  by  Lord  Curzon  and  will  well  repay  exami¬ 
nation  by  those  interested  in  cartographic  eccentricities.  Other  chapters  in  “Tales 
of  Travel”  tell  of  journeys  to  Kairwan  and  to  the  falls  of  the  Zambesi  and  discus.s 
the  wrestling  contests  of  Japan.  Chapters  entitled  “Pages  from  a  Diary”  and 
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•'Humours  of  Travel”  consist  of  brief  vignettes  of  characteristic,  impressive,  or 
amusing  episodes.  Three  essays,  on  the  other  hand,  are  the  results  of  somewhat 
extenilid  research  into  matters  which  made  an  especial  appeal  to  the  author’s 
imagination.  These  deal  with  the  sounds  which  many  classical  writers  de-scribe 
as  basing  issued  from  one  of  the  Colossi  of  Flgyjstian  Thebes,  with  the  great  water¬ 
falls  of  the  world,  and  with  singing  sands.  In  the  chapter  on  the  last-named  topic, 
I.ord  Curzon  summarizes  and  subjects  to  criticism  various  theories  that  have  been 
nro|Hiunded  in  regard  to  the  mysterious  sounds  produced  by  accumulations  of  sand 
in  some  places,  sounds  that  have  given  rise  to  stories  of  goblins  and  evil  spirits 
and  in  recent  times  have  puzzled  more  scientific  travelers. 

Douglas  Freshfield's  restful  volume,  “Below  the  Snow  Line.”  is  akin  to  Lord 
Curzon's  InKik  in  that  it  too  is  a  miscellany  of  memories  of  a  lifetime  of  travel.  It 
differs,  however,  from  “Tales  of  Travel”  in  one  essential  respect.  Whereas  Lord 
('urzon  roams  from  the  witnessing  of  barbaric  ceremonials  at  Kairwan  to  the  palace 
of  Kabul,  from  bullfights  to  reminiscences  of  Chinese  diplomats,  from  waterfalls 
to  sonorous  sands,  Mr.  Freshfield's  interest  is  concentrated  on  mountains.  His 
interest  in  mountains,  however,  is  by  no  means  a  narrow  one.  He  does  not  confine 
hinist-lf,  as  is  too  often  the  case  with  mountaineers,  to  the  chronicle  of  adventures 
among  rocks  and  ice.  Indeed  Mr.  Freshfield  is  guilty  of  the  heretical  statement 
that  “there  are  times  when  nothing  but  rock  and  snow  becomes  monotonous.” 
"Below  the  Snow  Line”  is  a  record  of  wanderings  among  the  foothills  and  lower 
ranges  of  the  .-Mps,  among  the  Ajjennines  and  mountains  of  Corsica,  Greece,  Algeria, 
and  Jai)an.  “  Below  the  snow  line”  usually  means,  as  well,  “below  the  upper  limit 
(if  vegetation”  and  often  “below  the  upper  limit  of  human  enterprise.”  .After  all, 
mountains  within  these  zones,  if  not  as  sublime  as  the  mightier  summits,  are  more 
varied,  more  individualistic,  and  generally  more  interesting  from  the  geographical 
point  of  view.  Mr.  Freshfield  always  traveled  with  the  curiosity  of  the  scholar  and 
the  eye  of  the  ix)et.  There  is  enough  history  and  natural  science  in  his  essays  to 
give  them  background  and  substantiality  but  not  too  much  to  weary  the  “general 
reader.”  There  is  enough  skill  in  the  use  of  words  to  give  color.  To  quote  but  one 
phrase,  descriptive  of  a  view  in  the  .Apennines  at  sunset:  “Far  away  southward 
the  snows  on  the  huge  bulk  of  the  Majella  glowed  like  a  burning  coal  through  the 
tremulous  waves  of  blue  air.” 

The  GEociR.\PHicAL  Factor  in  the  Early  History  of  .Alabama 

T.  P.  .Abernethy.  The  Formative  Period  in  Alabama,  1815-1828.  102  pp.;  maps, 
diagrs.,  ills.,  bibliogr.  Alabama  Slate  Dept,  of  Archives  and  History,  Hist, 
and  Patriotic  Ser.,  Ptibl.  No.  6.  .Montgomery,  .Ala.,  1922. 

In  the  westward  advance  of  our  frontier  and  in  the  development  of  the  frontier 
communities  into  established  states  geographical  conditions  played  an  important 
part.  This  fact  has  been  recognized  by  many  of  our  historians,  but  none  has  had  a 
dearer  jierception  of  its  significance  nor  has  done  more  to  guide  students  toward 
the  geographical  |K)int  of  view  in  their  historical  work  than  Professor  F.  J.  Turner 
of  Harvard.  Dr.  .Al>ernethy  was  one  of  Professor  Turner's  students,  and  the  lx)ok 
under  review  was  prepared  as  a  doctoral  dissertation  under  Professor  Turner’s 
direction.  The  volume  deals  not  only  with  |H)litical  events  in  the  early  history  of 
.Alabama  but  with  the  settlement  of  the  region  and  with  its  agricultural,  commer¬ 
cial,  and  social  conditions  at  a  critical  time.  The  geographical  factor  throughout 
is  given  due  consideration. 

The  location  and  composition  of  the  first  settlements  in  .Alabama  were  deter¬ 
mined  partly  by  physiographic  circumstances — as  revealed  more  es|)ecially  in 
conditions  of  soils — and  partly  by  the  routes  from  the  older  communities  to  the 
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north  and  east.  The  bottom  lands  of  the  Tennessee,  Alabama,  TombiRlxo,  and 
Black  Warrior  Rivers  formed  the  richest  ajn'icultural  districts  of  the  state  and 
were  admirably  adapted  to  the  cultivation  of  cotton.  These  lands  were  early  occu¬ 
pied  by  capitalist  planters  with  their  numerous  slaves.  The  relatively  less  pro- 
ductive  hilly  country  was  left  to  farmers  with  little  capital  and  few  slaves.  Most 
of  the  eastern  part  of  the  state  was  still  in  the  hands  of  the  Creek  Indians  until 
1836.  As  regards  its  origins  the  population  was  likewise  divided.  The  Tennessee 
valley  and  northern  counties  were  peopled  mainly  by  immigrants  from  Tennessee. 
The  north-central  hilly  country  and  the  valleys  of  the  Tombigbee  and  Black  Warrior 
were  settled  predominantly  from  the  piedmont  belt  of  the  Carolinas  and  Virginia. 
Planters  from  Georgia  occupied  the  valley  of  the  .Alabama,  and  Georgian  farmers 
settled  in  the  pnxtrer  southeastern  counties. 

The  commercial,  social,  and  political  life  of  the  state  was  influenced  to  nu  small 
degree  by  the  circumstances  of  its  settlement.  Owing  to  the  extreme  difliculties  of 
communication  almost  complete  commercial  separation  prevailed  between  the 
north  and  south.  Socially,  the  planters  formt'd  a  world  of  their  own  and  had  few 
dealings  with  the  small  farmers.  Political  cleavage  soon  manifested  itself  between 
the  latter,  mainly  of  Tennessee  origin,  and  the  capitalistic  planters  who  had  come 
in  large  part  from  Georgia.  Though  the  state  went  for  Jackson  in  1824.  it  is  notable 
that  the  largest  percentages  of  votes  for  the  more  conservative  .Adams  were  i>olle<i 
in  the  counties  where  the  slave  population  was  the  greatest.  These  and  many  other 
points  of  similar  geographical  interest  are  ably  discussed  by  Dr.  .Abernethy. 


County  Boundaries  of  California 

Owen  C.  Coy.  The  Genesis  of  California  Counties,  vii  and  92  pp.:  maps,  index. 
California  Historical  Survey  Commission,  Berkeley,  1923.  9x6  inches. 

Owen  C.  Coy.  California  County  Boundaries:  A  Study  of  the  Division  of  the 
State  into  Counties  and  the  Subsequent  Changes  in  Their  Boundaries,  vii 
."^35  PP-:  niaps,  index.  California  Historical  Survey  Commission,  Berkeley, 
1923.  9x6  inches. 

.At  the  present  time  California  is  divided  into  58  counties,  more  than  twice  the 
number  (27)  first  established  by  an  act  of  the  legislature  in  1850.  Some  under¬ 
standing  of  the  intricate  history  of  the  subdivision  of  the  old  counties  and  of  the 
frequent  readjustments  in  their  boundaries  is  essential  for  all  who  would  undertake 
studies  in  the  regional  geography  of  the  state.  Dr.  Coy  explains  in  the  prefaces 
to  these*  volumes  that  in  California  “statistics  are  almost  invariably  given  in  terms 
of  counties,  and  the  county  is  the  imjwrtant  unit  in  the  state  hierarchy.  -Studies 
of  politics,  of  production,  of  population,  resources  and  social  developments  must 
make  use  of  county  archives.  But  documents  can  not  be  located  in  the  county 
archive‘s,  and  can  not  be  historically  interpreted,  unless  it  is  known  under  what 
county  jurisdiction  they  were  made  and  filed  and  of  what  territory  and  social 
components  they  treat.”  The  raison  d'etre  of  the  two  books  under  review  is  to 
provide  a  "key  to  the  interpretation  of  records  and  figures  otherwise  difficult  of 
access.” 

The  first-named  book  was  issued  as  a  preliminary  to  the  second,  and  all  the  data 
included  in  it  form  Part  I  of  the  second.  It  is  a  compact  historical  sketch  of  the 
genesis  and  evolution  of  California  counties  illustrated  with  maps  showing  the 
counties  at  eight  different  periods.  There  is  also  included  a  general  key  map  of 
the  whole  state,  by  the  aid  of  which  one  may  quickly  determine  the  various  counties 
to  which  any  given  part  of  the  state  has  belonged  w’lth  the  appropriate  dates.  The 
second  part  of  “California  County  Boundaries”  consists  of  a  detailed,  alphabetically 
arranged  treatment  of  the  changes  in  the  limits  of  the  various  counties.  .A  detailed 
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map  is  given  for  each  county.  The  maps  are  admirably  adapted  to  the  presentation 
of  a  ver>’  complex  mass  of  material,  and  the  text  is  luridly  written. 

Hoides  being  of  practical  aid  to  further  research,  Dr.  Coy’s  work  is  in  itself  a 
valuable  contribution  toward  our  understanding  of  an  important  phase  of  the 
historical  and  political  geography  of  California.  The  progress  of  settlement  is 
reriected  in  the  number  and  size  of  the  counties.  The  earliest  Spanish  and  .\merican 
settlements  in  California  lay  in  the  vicinity  of  San  Francisco  Bay  and  along  the 
coast  to  the  south,  in  the  Sacramento  Valley,  and  in  the  mining  camps  of  the 
Sierras  north  of  the  Tuolumne  River.  .Xs  shown  on  the  maps  of  1850  and  1852 
these  jrarts  of  the  state  were  already  at  that  time  divided  into  numerous  counties 
of  relatively  small  extent.  Four  large  counties,  on  the  other  hand,  made  up  the 
almost  unsettled  northern  and  southern  extremities  and  the  south-central  interior 
back  of  the  coast  range.  With  the  influx  of  population  during  the  next  fifty  years 
and  with  its  dissemination  over  the  entire  area  of  the  state,  all  the  larger  and  many 
of  the  smaller  original  counties  were  split  up,  though  a  fan-shaped  group  of  com¬ 
paratively  small  counties  radiating  from  San  Francisco  Bay  back  into  the  Sierras 
is  still  apparent  on  the  map  for  1922.  Imperial,  the  last  of  the  counties  to  be  or¬ 
ganized  (1907),  was  a  result  of  the  conversion  through  irrigation  of  the  Impt'rial 
X’alley  from  a  desert  into  a  prosfwrous  fruit-raising  district. 

The  vigorous  expansion  of  Californian  settlement  led  in  1852  to  a  somewhat 
surprising  result,  for  in  that  year  the  legislature  passed  an  act  establishing  Pautah 
county  entirely  outside  the  boundaries  of  the  state!  This  act  was  rejiealed  in  1859. 
"Many  settlers  from  California  and  others  bound  for  California  had  taken  up  their 
abode  in  the  valleys  of  the  Truckee,  Carson,  and  Walker  Rivers”  in  what  was  then 
the  territory  of  Utah  (now  part  of  Nevada).  This  district  was  “near  the  mining 
region  of  California  and  being  on  the  routes  of  the  overland  trail  had  much  in  com¬ 
mon  with  this  state.”  In  i86o  further  settlements  in  the  same  vicinity  led  to  agita¬ 
tion  that  took  the  “form  of  a  joint  resolution  asking  Congress  to  cede  to  California" 
all  that  part  of  the  present  state  of  Nevada  lying  west  of  the  n8th  Greenwich 
meridian. 

In  general  the  influx  of  settlers  has  led  to  the  creation  of  new  counties.  One 
case,  however,  is  recorded  where  the  unstable  conditions  of  a  frontier  mining  com¬ 
munity  produced  the  elimination  of  a  county.  Klamath,  established  in  1851,  though 
originally  large  in  territory  was  progressively  reduced  in  size  by  annexations  to  its 
neighbors  “until  there  was  but  little  left  besides  rugged  mountains  whose  diminishing 
wealth  formed  the  main  support  of  its  population.”  As  an  indirect  result  of  this 
situation  the  county  was  dissolved  in  1874,  and  parts  of  it  were  joined  to  Humboldt 
and  Siskiyou. 

Manuf.\ctures  in  the  United  States 

A  Graphic  Analysis  of  the  Census  of  Manufactures  of  the  United  States,  1849  to 
1919.  253  pp.;  maps,  diagrs.  National  Industrial  Conference  Board,  New 

York,  1923.  11x9  inches. 

This  splendidly  printed  volume,  containing  one  hundred  and  twenty  full  page 
colored  charts  and  an  equal  number  of  opposing  pages  of  statistical  tables  and 
explanatory  text,  presents  some  of  the  outstanding  and  essential  facts  relative  to 
the  development  and  present  status  of  manufacturing  in  the  United  States.  This 
vast  fund  of  information  is  derived  from  the  census  reports  of  the  United  States, 
covering  the  period  of  its  history  from  1849  to  1919.  Owing  to  the  fact  tltat  this 
l)ody  of  material  has  not  been  utilized  to  the  fullest  extent  by  those  most  likely  to 
profit  from  it,  the  National  Industrial  Conference  Board  has  undertaken  in  this 
volume  to  analyze  and  present  in  a  concise,  simple,  and  attractive  form  the  princi- 
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pal  facts  relative  to  industrial  conditions  in  the  United  States  collected  hv  the 
censuses  during  the  i)ast  seventy  years. 

To  the  geographer  this  volume  is  highly  interesting  and  suggestive.  The  first  one 
hundrc-d  charts  and  statistical  tables  relate  csj)ecially  to  the  economic  phases  of 
manufacturing  and  have  to  do  with  such  subjects  as  the  numl)er  of  persons  enga^ted 
in  various  industries  at  different  jx^riods,  the  distribution  of  the  per.sonnel,  the  value 
of  the  priKlucts,  the  major  items  of  exiH*nditure  in  the  dilTerent  industries,  the  size 
of  establishments,  the  character  of  ownership,  the  regularity  of  employment  and 
the  prevailing  hours  of  lalxir,  the  {xjwer  and  fuel  used,  and  the  relation  In-tueen 
prcxluction,  lalxx,  jxtwer,  and  values  at  different  times  during  the  jx'riod  covert>d 
(K'casionally  where  some  of  these  facts  are  expressed  graphically  ujxin  mafis  of  the 
United  .States  a  distinct  geographical  flavor  is  imparted  to  the  subject.  No  explana¬ 
tions  are  made,  however,  in  the  brief  s|iace  available  for  text.  In  most  instances  an 
acquaintance  with  the  physical  background  and  other  geographical  factors  in  the 
United  .States  enables  the  reader  to  throw  much  meaning  into  the  charts  which 
otherwise  would  have  only  the  virtue  of  presenting  vividly  some  striking  facts. 
Needless  to  say,  much  material  not  usually  brought  to  the  geogra|)hcr’s  notice 
thus  engages  his  attention. 

The  last  twenty  charts  and  tables,  presenting  the  status  of  fifty  leading  industries 
in  the  United  States,  are  es|)ecially  interesting  to  one  searching  for  geographic  rela¬ 
tionships  and  resix)nses.  In  each  case  the  extent  of  the  industry  is  shown  by  states 
for  the  year  iqiq  and  in  many  cases  for  the  year  1879  as  well.  It  is  easy  to  see  at  a 
glance,  therefore,  the  |>art  played  by  each  state  and,  where  the  maps  for  the  two 
years  are  given,  to  note  also  what  changes  have  taken  place  in  the  location  of  the 
different  industries  during  the  past  forty  years.  .Ml  of  this  is  of  great  geographical 
interest,  especially  if  studied  in  the  light  of  a  clearly  understocxl  geographic  back¬ 
ground.  Students  of  geography  would  be  well  repaid  for  the  time  s[x?nt  in  examin¬ 
ing  these  charts  and  in  attempting  to  explain  the  facts  which  they  so  strikingly  and 
Ix'autifully  present. 

K.  Lobeck 


.\  .Referen’CE  Work  on  World  Geography 

Martin  V’ahl  and  (iuDMUND  Hatt.  Jorden  og  Menneskelivet:  Geografisk 
Haandbog.  Vol.  i,  572  pp.;  maps,  diagrs.,  ills.,  bibliogr.;  V’ol.  2,  4,^4  pp.; 
maps,  ills.,  bibliogr.  J.  H.  Schultz,  Copenhagen,  1922,  1923.  10  x  7  inches. 

The  pre|)aration  of  this  rather  exhaustive  treatise  on  general  and  regional  geog¬ 
raphy  was  undertaken,  according  to  the  author’s  preface,  because  of  the  recognized 
lack  of  a  scientific  reference  geography  (in  Danish).  The  authors  six'ak  of  this 
as  a  “Haandbog.”  literally  translated  as  Handbook  but  much  more  accurately 
stated  in  English  as  a  Reference  (ieography. 

The  work  when  completed  is  to  consist  of  four  volumes  with  the  following  con¬ 
tents:  X’olume  I.  (ieneral  Cieography,  the  .•\rctic  Ocean,  and  North  .\merica; 
\’olume  2,  South  .\merica,  .Antarctica,  .Australia,  and  the  .Atlantic,  Pacific,  and 
Indian  (K'eans;  Volume  3,  .Africa  and  .-Xsia;  Volume  4,  Europe.  There  is  also  to  lx 
inclu(U“d  a  comprehensive  catalogue  of  geographic  names. 

In  Volume  l  the  first  1 18  |)ages  are  devoted  to  a  discussion  of  (ieneral  (ieography. 
This  comprises  what  .American  students  are  lieginning  to  designate  “  Principles  of 
(ieography.”  .A  brief  summary  of  es.sential  physical  features  is  presented  with  no 
great  departure  from  traditional  tyjx^s  of  treatment.  .Most  .American  authors 
would  lx?  inclint*d  to  go  into  more  detail  than  is  here  done  in  a  work  of  this  size. 
The  summary  is  followed  by  a  carefully  organized  discussion  of  zones  of  climate 
and  vegetation.  The  controlling  causes  of  these  zones  and  their  resultant  relations 
to  human  activities  are  most  commendably  set  forth. 
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Thi-  regional  discussion  begins  boldly  with  the  Arctic  Ocean— a  procedure  cer¬ 
tainly  not  traditional  from  an  American  ixiint  of  view  and  somewhat  startling  even 
from  a  Danish.  Perhaps  it  is  an  illustration  of  the  res|X)nse  of  a  Nordic  to  his  en¬ 
vironment,  but  at  any  rate  it  is  interesting  and  not  without  merit.  Then  follows 
i  comprehensive  treatment  of  North  .America,  covering  nearly  450  pages.  Here 
again  the  scheme  of  giving  a  general  intrrxiuction  and  then  |X)liticai  divisions  in 
detail  is  followed.  A  survey  of  the  structure  and  geological  history  of  the  continent 
is  given,  but  principal  emphasis  is  placed  on  climate  and  vegetation;  in  fact,  natural 
regions  are  determined  chiefly  u|X)n  the  basis  of  native  vegetation.  The  general 
culture  map  of  “old  North  .America”  presents  the  following  regions  as  indica¬ 
tive  of  the  broad  culture  areas  of  the  continent:  Eskimo,  Northwest  Coast,  North¬ 
ern  horest,  hlastern  Forest,  Prairie,  Plateau,  California,  Pueblo,  .Mexico  and  Central 
America,  and  the  .Antilles. 

The  regional  discussions  are  basc‘d  on  (X)litical  units  and  are  well  correlated  with 
the  general  principles  given  in  the  introductory  chapters.  The  treatment  is  some¬ 
what  encyclopedic  in  method,  and,  as  is  to  be  expected  in  a  work  of  this  character 
is  not  completely  free  from  error.  Yet  it  gives  much  emphasis  to  causal  relations 
and  to  the  geographic  influences  resulting  and  so  ranks  high  as  a  real  geographic 
study. 

N.  .A.  Bengtson 


New  Zealand  Vegetation 

L.  Cockayne.  The  Vegetation  of  New  Zealand,  xxii  and  364  pp.;  maps,  ills., 
bibliogr.,  index.  Die  Vegetation  der  Erde,  Vol.  14,  Wilhelm  Engelmann,  Leipzig; 
G.  E.  Stechert  &  Co.,  New  York,  1921.  $5.00.  10  x  7  inches. 

L.  Cockayne.  New  Zealand  Plants  and  Their  Story.  2nd  edit.,  rewritten  and 
enlarged,  xv  and  248  pp.;  maps,  ills.,  index.  New  Zealand  Board  of  Sci.  and 
Art  Manual  No.  i.  M.  F.  Marks,  Wellington,  1919.  x  6  inches. 

The  region  treated  in  “The  Vegetation  of  New  Zealand”  comprises  New  Zealand 
proper  and  various  small  outlying  islands.  New  Zealand  proper,  consisting  of  two 
large  islands  (North  and  South)  and  a  third  smaller  one  (Stewart),  extends  approxi¬ 
mately  north  and  south  from  latitude  34“  to  47“  S.  (a  distance  of  about  900  miles), 
or  between  latitudes  corresix)nding  to  those  of  southern  North  Carolina  and  northern 
.Nova  Scotia  respectively.  The  climate  of  the  country,  no  part  of  which  lies  more 
than  100  miles  from  the  sea,  is  insular,  and  its  truly  temperate  character  is  suggested 
by  the  fact  that  tree  ferns  and  many  other  plants,  ordinarily  associated  with  the 
tropics,  range  throughout.  Both  North  and  South  Islands  are  characterized,  in  the 
main,  by  an  extremely  rugged  topography,  the  mountains  of  the  Southern  .Alps 
rising  to  elevations  of  more  than  12,000  feet.  Precipitation,  on  the  whole,  is  abun¬ 
dant  and  evenly  distributed  through  the  year.  Over  most  of  North  Island  it 
exceeds  50  inches  annually;  along  the  western  coast  of  South  Island  it  is  more  than 
100  inches;  and  only  in  the  lee  of  the  Southern  .Alps  does  it  fall  below  30  inches.  The 
outlying  islands  include  the  subtropical  Kermadecs  (latitude  29°-3i“  S.)  and  several 
subantarctic  groups,  reaching  to  latitude  54“  S. 

.At  the  time  New'  Zealand  was  settled,  the  plant  life  of  the  islands  was  virtually 
an  unopened  book.  During  the  century  that  has  elapsed  its  flora  has  become  re¬ 
vealed  as  one  of  peculiar  interest  in  itself  and  of  surpas.sing  importance  in  its  bearing 
on  various  geographical  problems.  Sej)arated  as  New  Zealand  is  by  more  than  a 
thuusand  miles  of  ojx?n  sea  from  the  nearest  continental  land  mass.  .Australia,  it  is 
Karcely  surprising  to  learn  that  the  majority  of  its  plants  are  endemic— nearly 
75  per  cent  of  the  vascular  species.  Somewhat  more  surprising,  in  view  of  its 
geographic  isolation,  is  the  exhibition  of  well-marked  affinities  by  various  elements 
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in  its  flora  to  floras  in  other  parts  of  the  world.  In  addition  to  an  outstanding  ele¬ 
ment  of  New  Zealand  origin,  three  distinct  elements  of  extraneous  origin  are  present 
namely  an  Australian  element,  a  Malayan  element,  and  a  subantarctic  element— the 
latter  including  many  genera  and  even  species  common  to  subantarctic  South 
America.  No  general  discussion  of  the  plant  life  of  New  Zealand  would  be  complete 
that  neglected  to  consider  facts  such  as  these,  and,  from  the  standpoint  of  floristic 
plant  geography,  they  stand  out  as  being  of  paramount  importance.  The  present 
work,  however,  is  written  primarily  from  the  standpoint  of  ecological  plant  geog¬ 
raphy.  It  has  to  do  with  the  environmental  relations  of  New  Zealand  plants  rather 
than  their  taxonomic  relations.  Furthermore,  its  chief  theme  is  the  vegetation  of 
New  Zealand,  as  distinguished  from  its  flora;  and  individual  plants  are  dealt  with 
chiefly  as  integral  parts  of  the  plant  covering  as  a  whole  rather  than  as  floristic 
units.  In  the  words  of  the  author  the  aim  has  been  "to  present  as  vivid  and  ac¬ 
curate  a  picture  as  possible  of  the  actual  vegetation  of  the  country.  This  surely  is 
the  first  step  in  a  plant-geographical  description  of  any  country.  And  it  is  the  more 
necessary  in  a  region,  such  as  New  Zealand,  possessing  a  truly  virgin  vegetation 
which  is  rapidly  becoming  modified,  or  even  destroyed.” 

The  unquestioned  success  w’ith  which  the  author  has  achieved  this  aim  may  be 
attributed  in  no  small  measure  to  his  admirable  method  of  presentation.  In  taking 
up  the  plant  life  for  various  sections  of  New  Zealand,  in  each  case  the  description  of 
the  vegetation  itself  is  prefaced  by  a  description  of  the  more  important  plants  and 
groups  of  plants  entering  into  its  composition,  with  reference,  more  particularly,  to 
their  growth  forms  and  other  features  of  ecological  significance.  Especial  emphasis 
is  laid  on  the  "leading  physiognomic  plants,"  i.  e.  those  that  predominate  the  land¬ 
scape  and  determine  the  general  physiognomy  of  the  plant  cover.  Four  phytogeo- 
graphical  sections  are  distinguished,  namely  the  seacoast,  the  lowlands  and  lower 
hills,  the  high  mountains,  and  the  outlying  islands. 

Except  for  the  high  mountains  and  the  drier  sections  of  South  Island,  practically 
all  of  New  Zealand  proper  was  originally  forested.  Two  ecological  types  of  forest 
are  distinguished,  namely  hygrophytic  rain  forest  and  mesophytic  southern-beech 
(Nothofagus)  forest,  the  former  being  widely  distributed  throughout  the  entire 
region  and  relatively  much  more  important  than  the  latter,  which  is  confined  to  the 
two  southern  islands.  Both  types  are  made  up  almost  wholly  of  evergreen  trees,  the 
practical  absence  of  deciduous  species  being  a  noteworthy  feature.  Characteristic 
of  the  rain-forest  type  are  the  presence  of  taxaceous  trees,  with  one  or  another 
species  frequently  predominating;  the  great  abundance  of  tree  ferns  and  the  vast 
number  of  ground  ferns;  the  luxuriant  growth  of  Hanes  and  various  epiphytic  seed 
plants;  the  density  and  storied  arran7;ement  of  the  undergrowth;  and  the  profusion 
of  filmy  ferns,  mosses,  liverworts,  and  foliaceous  lichens.  It  is  essentially  the  type 
of  forest  found  elsewhere,  for  the  most  part,  only  in  the  humid  tropics.  It  exhibits 
considerable  diversity  from  place  to  place;  but  this  diversity  has  to  do  less  with  the 
ecological  aspect  of  the  forest  than  with  its  taxonomic  composition,  on  the  basis  of 
which,  chiefly,  a  number  of  different  rain-forest  associations  are  distinguished. 
In  addition  to  the  forest  associations,  the  lowlands  and  lower  hills  support  a  wide 
variety  of  shrubby  and  herbaceous  associations.  The  seacoast,  probably  unsurpassed 
in  physical  diversity  by  any  area  of  similar  size,  presents  divers  seaweed  and  other 
marine  associations;  associations  of  gravelly  and  shingle  beaches,  of  sandy  beaches 
and  dunes,  of  rocky  cliffs  and  promontories;  mangrove  swamps,  coastal  thickets, 
and  scrubby  forests.  The  high  mountains  support  a  variety  of  distinctive  and,  to  a 
large  extent,  unique  types  of  vegetation.  The  outlying  islands  afford  many  features 
of  fascinating  interest,  quite  distinct  from  those  of  New  Zealand  proper.  All  of 
these  and  other  features  are  described  in  graphic  detail,  the  work  concluding  with 
chapters  on  the  effect  of  settlement  upon  the  plant  covering  of  New  Zealand,  the 
flora  of  New  Zealand  and  its  distribution,  and  the  history  of  the  flora. 
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The  lxK)k  is  written  more  especially  for  the  scientific  reader.  The  other  book  by 
the  ?aine  author,  entitled  “  New  Zealand  Plants  and  Their  .Story,”  is  now  in  its 
second  edition.  This  little  book,  designed  primarily  for  the  non-technical  reader, 
afford*  a  fine  example  of  popularized  scientific  writing. 

G.  E.  Nichols 

.\  Standard  Work  on  Oceanography 

liT.ES  -ScHOKAi.sKY.  OkcanogTafia  [Oceanography],  xiii  and  iv  and  69  and  614 
pp. :  maps,  diagrs.,  ills.,  bibliogr.,  indexes.  Petre^grad,  1917.  10  *4  X  7K 

inches. 

The  oceanographical  work  of  the  President  of  the  Russian  ( leographical  Society 
is  too  well  known  in  the  scientific  circles  of  two  hemispheres  to  need  introduction 
here.  What  may  not  be  passed  over  in  silence  is  the  abnegation  of  the  man,  who 
in  the  midst  of  personal  misfortune  and  the  misfortunes  of  his  country  can  yet 
maintain  his  service  to  science,  and  this,  as  much  as  the  value  of  his  works,  com¬ 
mands  respectful  attention. 

The  present  work  on  oceanography  begins  with  an  introductory  chapter  on  the 
history  of  the  subject  and  then  includes  the  following  subdivisions:  (i)  distribu¬ 
tion  of  lands  and  seas  (pp.  3-10);  (2)  level  of  oceans  and  seas  (pp.  11-17):  (3)  sub¬ 
marine  relief  (pp.  17-51);  (4)  nature  of  the  ocean  floors  (pp.  52-64);  (5)  composi¬ 
tion  and  salinity  of  the  sea  waters  (pp.  67-116);  (6)  temperature  of  the  sea  waters 
(pp.  1 17-213):  (7)  transparency,  color,  and  phosphorescence  (pp.  213-225);  (8) 
waves  (pp.  226-284);  (9)  tides  (pp.  284-403);  (10)  currents  (pp.  405-564).  There 
is  a  conclusion  of  15  pages. 

This  glance  over  the  subdivisions  of  the  work  and  their  respective  proportions 
indicates  the  special  interests  of  the  author.  Historian  of  geography  as  he  has  shown 
himself  in  many  international  congresses,  he  has  expended  much  care  over  the  in¬ 
troduction  of  69  pages.  It  is  richly  and  accurately  informative.  Observations  too 
often  forgotten  are  related,  as,  for  example,  the  data  on  the  vertical  distribution  of 
temperature  gathered  by  the  Dupetit-Thouars  expedition  in  the  Venus,  1836-1839: 
others,  generally  unknown,  there  find  place,  as  the  similar  determinations  carried 
out  by  the  Russians  Krusenstern  in  the  Nadejda,  1803-1806,  and  Kotzebue  in  the 
Rurik,  1815-1818.  Part  of  the  originality  of  the  book,  indeed,  lies  in  the  light 
thrown  on  Russian  oceanographical  work.  It  is  not  merely  a  matter  of  amour  propre. 
The  Russian  marine  is  not  to  be  measured  by  the  modest  size  of  its  merchant  fleet: 
it  has  included  in  its  ranks,  besides  eminent  naval  commanders,  many  distinguished 
savants;  its  hydrographic  ."harts  and  memoirs  bear  comparison  with  the  best  of 
similar  work  produced  by  other  nations.  It  is  because  he  has  drawn  so  largely  there¬ 
from  that  Schokalsky  has  given  us  a  treatise  that  happily  completes  the  better- 
known  works  of  Thoulet  and  Kriimmel.  But  this  proper  care  in  giving  a  place  to 
his  compatriots  does  not  preclude  recognition  of  the  debt  that  oceanography  owes 
to  other  nations.  The  American  reader  will  appreciate  the  reference  to  Maury, 
the  founder  of  marine  meteorology;  to  Bache,  who  in  1844  initiated  the  study  of 
submarine  lithology';  and  to  the  U.  S.  Coast  and  Geodetic  Survey  and  the  Hydro- 
graphic  Office.  Text  and  figures  bear  witness  to  frequent  borrowings  from  these 
sources. 

Besides  the  figures  that  one  finds  in  all  oceanographical  treatises  there  are  many 
original  ones  drawn  by  the  author.  There  is,  for  instance,  the  comparative  curve 
of  salinity,  precipitation,  density,  temperatures  of  water  and  air  for  the  Atlantic 
Ocean  between  latitude  60“  N.  and  60“  S.  which  portrays  in  a  remarkable  way  the 
characteristics  of  the  zones  of  calms,  the  trade  winds,  and  the  westerlies  (p.  89). 
Not  less  ingenious  are  the  graphs  which  show  on  the  same  meridian  in  the  southern 
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seas  almost  complete  identity  of  oceanogra|>hical  elements  in  spite  of  a  range  of  ! 
l6®  in  latitude  (from  54®  27'  to  70°  2'  S.)  (p.  i.s.s).  Again  we  may  mention  the  drift  ! 
of  bottles  in  the  Caspian  (p.  5.^6)  and  in  the  Japan  and  Okhotsk  Seas  (p.  51^0)-  1 
the  diagram  of  seiches  observed  August  25,  1911,  at  Sevasto|H)l  (p.  28,^);  and  the  ' 
tidal  map  of  the  French  ct)asts  of  the  Channel  (p.  .^8o). 

It  is  to  the  study  of  the  movements  of  the  seas — waves,  tides,  and  currents  -that 
the  author  gives  most  sfiace;  less,  however,  to  description,  qualitative  and  quanti¬ 
tative,  of  these  phenomenon  than  to  theoretical  explanation.  There  one  sees  his 
mathematical  leanings:  he  is  too  inclined  perhaps  to  assign  very  special  causes  to 
infinitely  complex  phenomena;  too  scrupulous  to  come  to  a  conclusion  after  having  ' 
considered  several  doctrines;  too  lengthy'  sometimes  for  our  taste,  not  less  than  12 
I)ages.  for  instance,  being  devoted  to  Ekman’s  theory  of  currents. 

A  consequence  of  this  disproportion  is  the  excessive  brevity  of  certain  parts. 
S(x:aking  of  the  depths  of  the  Indian  Ocean  apropos  of  the  7000-meters  deep  off 
Java,  the  author  does  not  signify  the  tectonic  interest  attaching  to  this  long  trough 
between  two  arches.  .Among  the  many  maps  in  the  book  it  is  surprising  that  one 
of  the  variations  of  temperature  of  the  surface  of  the  seas  such  as  Murray  and  Schott 
have  given  is  not  included.  Why,  in  speaking  of  the  Humboldt  (p.  547)  and  Ben- 
guela  (p.  527)  currents  and  the  bringing  up  of  cold  water  from  the  bottom  to  the 
surface,  does  he  not  mention,  if  only  in  passing,  Dinklage  and  his  theory  of  “.Auf- 
triebwasser  ”  ?  Can  one  affirm  without  reserve  that  the  difference  of  density  between 
the  Atlantic  and  Mediterranean  waters  provokes  a  difference  of  level  which  results 
in  a  surface  current  from  the  latter  into  the  former  (p.  169)? 

The  exposition  of  facts  often  gains  by  reference  to  their  immediate  consequences. 
The  author  notes  the  effect  of  the  temperatures  of  the  Norwegian  Sea  during  1901- 
1905  on  the  fishing  industry  and  on  the  growth  of  the  fir  tree.  When  describing  the 
slight  salinity  of  the  Gulf  of  Finland,  waters  so  well  known  to  him,  might  he  not 
equally  well  recall  that  one  finds  there  67  species  of  fresh-water  fish?  Nor  does  he 
mention  the  fact  that  the  warm  surface  waters  of  the  White  Sea  in  summer  support 
an  entirely  different  fauna  from  that  of  the  colder  w’aters  below,  a  fact  established 
by  the  fine  work  of  Knipovitch.  The  value  that  such  biological  details  add  to  the 
physical  facts  has  recently  been  shown  by  R.  C.  Murphy  in  his  description  of  the 
Humboldt  Current  (Geofr.  Rev.,  V’ol.  13,  1923,  pp.  81-84). 

In  short  one  regrets,  and  it  is  the  only  reproach  that  can  be  made,  that  the 
author  has  tended  too  much  to  sacrifice  description  to  theory,  color  to  exactitude; 
that  he  has  not  taken  the  opportunity  to  vivify  the  too  austere  excellence  of  his 
admirable  work. 


P.  C.^MENA  d’AlMEIDA 
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THE  APPLICATION  OF  ACOUSTICS  TO 
SUBMARINE  SURVEYING 

By  Harvey  C.  Hayes 
Research  I’hysicist,  U.  S.  Navy’ 

It  is  only  seventy  years  since  Maur>’’s  chart  of  the  North  Atlantic  Ocean 
(1834)  gave  us  the  first  map  of  an  ocean  floor  and  only  fifty  years  since  the 
Challenger  expedition  sketched  out  the  main  contours  of  the  ocean  basins. 
This  late  development  of  ocean  mapping  is  due  to  technical  difficulties. 

A  whole  volume  could  be  devoted  to  the  history’  of  all  the  accidents,  the 
labor,  the  fruitless  attempts,  the  sums  expended  in  reaching  a  satisfactory- 
method  of  deep-sea  sounding.*  Even  so  the  direct  method  of  sounding 
now  in  general  use  remains  a  laliorious  and  expensive  process.  According 
to  Murray  and  Hjort  the  total  number  of  deep-sea  soundings,  i.  e.  at  depths 
exceeding  1000  fathoms,  numliered  barely  6000  (1912),  distributed  over 
more  than  100,000,000  square  miles  of  area.* 

The  difficulties  of  direct  sounding  encouraged  resort  to  indirect  methods. 
Maury  has  described  the  earlier  efforts.  “Attempts  to  fathom  the  ocean, 
both  by  sound  and  pressure  had  been  made,  but  in  ‘blue  water’  every  trial 
was  only  a  failure  repeated.  ...  By  exploding  heavy  charges  of  powder 
in  the  deep  sea,  when  the  winds  were  hushed  and  all  was  still,  the  echo  or 
reverberation  from  the  bottom  might,  it  was  held,  be  heard,  and  the  depth 
determined  from  the  rate  at  which  sound  travels  through  water.’’*  Since 
the  war  of  1914,  however,  various  acoustical  methods  have  been  dey-eloped 
to  the  point  of  giving  practical  results;  and  one  of  them,  the  “Echo  Meth¬ 
od,’’  using  the  sonic  depth-finding  apparatus,  is  successful  in  the  deepest 
waters.^  Method  and  apparatus  are  the  result  of  research  work  which  the 
U.  S.  Navy  has  carried  out  during  the  past  six  years.  This  w'ork,  which 
was  started  solely  for  the  purpose  of  devising  methods  and  means  for  com- 

■  Julien  Thoulet:  L'Orianographie,  Paris.  1922.  p.  16. 

'Sir  John  Murray  and  Johan  Hjort:  Thr  Depths  of  the  Ocean.  London.  1912.  pp.  131-132. 

'  M.  F.  Maury:  The  Physical  Geography  of  the  Sea.  New  \'ork.  1855.  pp.  200-201. 

*  On  methods  used  in  shallower  waters  see  H.  C.  Hayes:  Measuring  Ocean  Depths  by  Acoustical  Methods. 
Joarn.  Franklin  Inst.,  Vol.  197.  1924.  pp.  323-354. 
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bcitiiiK  submarine  Iniats,  has  k^d  to  the  development  of  an  instriinu-nt  of 
Kreat  oceanographical  and  navigational  value. 

Practical  Results 

'Fhe  first  practical  design  of  the  sonic  depth-finding  apparatus  was  in¬ 
stalled  on  the  Ohio  and  successfully  tested  in  February’,  1922,  The  following 
June  this  apparatus  was  transferred  to  the  destroyer  Stewart  just  prt- 
vious  to  her  departure  for  Manila  by  way  of  Gibraltar  and  the  Suez  ('anal. 
Throughout  the  run  to  Manila  soundings  were  taken  every  twenty  minutes 
and  at  times  as  often  as  every’  minute.  The  greatest  depth  encountered 
was  3200  fathoms.  This  ship  is  still  based  on  Manila  and  during  the  past 
tw’o  years  has  collected  a  large  number  of  sounding  data  al)out  the  Philip, 
pines.  The  Stewart  will  probably  return  this  year  by  way’  of  the  Pacific, 
thereby  completing  a  line  of  soundings  around  the  earth. 

.'Xs  a  result  of  the  success  of  the  Stewart  the  destroyers  Hull  and  Corey 
were  equipped  with  the  depth-sounding  apparatus  and  directly’  prfK’mled 
to  survey  about  35,000  square  miles  off  the  coast  of  California.  This  work 
was  accomplished  at  the  rate  of  al>out  1000  square  miles  a  day.  The  results 
have  l>een  assembled  on  U.  S.  Hy’drographic  Office  Chart  No.  5194.  The 
specific  reason  for  this  survey  was  the  unstable  character  of  this  ix)rtion 
of  the  earth’s  surface.*  .\  comp>arison  of  the  present  chart  with  older  charted 
values  show  many  discrepancies,  whether  due  to  errors  in  the  earlier  sur^’eys 
or  to  earth  movements  is  not  known.  A  resurvey  will  show  the  effects  of 
any  subsequent  crustal  disturbance. 

Since  that  time  several  other  ships  of  the  Navy  have  iK’en  equipixtl,  as 
has  also  the  C'oast  and  ( 'rtxxletic  Survey  ship  Guide.  These  ships  are  taking 
soundings  during  every’  cruise,  w’ith  the  result  that  the  Hydrographic  Office 
is  receiving  an  enormous  amount  of  reliable  deep-sea  sounding  data  which 
has  already  served  to  clear  up  several  doubtful  regions  on  the  navigational 
charts  and  which  is  rapidly  leading  to  an  accurate  charting  of  the  depth 
along  the  main  traffic  routes.  These  data  have  disclosed  discrepancies  of 
hundreds  and  even  thousands  of  fathoms  between  the  actual  depth  and  the 
old  charted  values.  The  discovery’  of  mountain  peaks  or  ridges  rising 
several  thousand  feet  alxive  the  surrounding  sea  floor  is  not  unusual.  Such 
“landmarks”  will  doubtless  prove  to  lie  valuable  for  determining  the 
location  and  progress  of  merchant  ships  that  are  provided  with  deep-sea 
sounding  apparatus. 

The  scientific  value  of  the  data  that  can  now  l)c  collected  with  the  sonic 
depth-finding  apparatus  can  scarcely  lie  overestimated.  It  should  fur¬ 
nish  valuable  information  concerning  the  movements  of  the  earth’s  crust 
for  the  reason  that  the  contour  of  the  sea  floor,  which  has  been  protected 

‘  Sec  the  paper  "’The  Continental  Shelf  off  the  Coax  of  California,”  by  A.  C.  Lawann,  Bull.  Xalt.  Restar ck 
Council,  No.  44.  Vol.  8.  1024. 

The  submarine  contours  have  also  been  incorporated  on  the  "Fault  Map  of  California.”  rm-iewed  in  the 
lifotr.  Rev.,  Vol.  14.  1924-  PP-  301-302. 
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from  the  processes  of  erosion,  is  the  direct  result  of  such  movements  and 
also  for  the  reason  that  the  most  unstable  portions  of  the  earth’s  surface, 
where  movements  are  so  great  and  violent  as  to  affect  areas  far  beyond  their 
origin,  form  a  part  of  the  sea  bottom.  It  may  be  expected  that  a  careful 
jtudy  of  the  form  and  movements  of  the  sea  floor  brought  al>out  by  the 
t-arth-warping  forces  will  lead  to  a  better  understanding  of  these  forces. 

Surveying  D.\ta 

The  data  which  the  surveying  ship  collects  consist  of  a  record  of  the  dis¬ 
tance  from  the  ship  to  the  sea  bottom  along  a  line  perjiendicular  to  the  sea 
l)ottom,  together  with  the  direction  of  this  line  with  respect  to  the  sea  sur¬ 
face.  A  determination  of  these  factors,  which  furnish  complete  data  for 
plotting  the  profile  of  the  sea  Imttom  over  the  course  traversed,  can  be  made 
as  often  as  every  two  or  three  minutes  while  the  ship  steams  steadily  on  her 
course.  Profile  charts  along  parallel  courses  not  too  widely  separated 
furnish  sufficient  data  for  preparing  contour  maps  or  for  constructing  con¬ 
tour  nuxlels. 

Method 

The  distance  from  the  surveying  ship  to  the  sea  bottom  along  a  line 
{perpendicular  to  the  sea  bottom  is  obtained  through  a  determination  of  the 
time  interval  between  the  transmission  of  a  submarine  sound  signal  from 
the  survey  ship  and  the  return  of  the  echo  of  the  signal  from  the  sea  bottom. 
Half  of  this  time  interval  multiplied  by  the  velocity  of  sound  in  sea  water 
gives  the  distance  from  the  ship  to  the  point  of  reflection.  And  since  the  echo 
returns  along  practically  the  same  path  that  the  signal  traverses  in  reaching 
the  reflecting  surface,  the  direction  of  the  echo  will  l)e  perpendicular  to  the 
reflecting  surface.  The  direction  of  the  echo  with  respect  to  two  horizontal 
rectangular  axes,  one  parallel  with  the  ship’s  keel  and  the  other  directed 
athwartship,  is  determined  by  the  sound  receiver  installed  on  the  ship.  It 
will  be  shown  that  this  furnishes  data  for  computing  the  angle  which  the 
echo  path  makes  with  the  sea  surface. 

Apparatus 

The  complete  surveying  installation  of  sound  apparatus  consists  of  three 
{Parts,  viz.  a  submarine  sound  transmitter,  a  submarine  sound  receiver,  and 
a  device  that  serves  to  determine  the  time  interval  lK*iwcen  the  sending  of 
a  sound  signal  with  the  transmitter  and  the  return  of  its  echo  through  the 
receiver.  In  literature  dealing  with  the  subject  the  transmitter  is  sometimes 
called  a  submarine  oscillator,  and  the  receiver  is  usually  called  a  hydrophone. 
The  time-measuring  device  has  been  called  the  “s<pnic  depth  finder,”  a  name 
that  is  entirely  misleading.  No  single  one  of  the  devices  mentioned  can 
furnish  data  sufficient  for  making  a  depth  determination.  We  prefer  to 
s{peakof  the  complete  installation  as  the  “sonic  depth-finding  apparatus.” 
•A  description  of  each  of  the  three  parts  follows. 
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THE  SUBMARINE  S(1UND  TRANSMITTER 

The  principle  of  operation  of  the  submarine  sound  transmitter  is  identical 
with  that  of  an  ordinary’  telephone  receiver  wherein  a  diaphragm  is  caused  to 
vibrate  through  the  action  of  a  variable  electric  current  passing  through 
one  or  more  coils  of  an  electromagnet  housed  in  a  casing  on  one  side  of  the 
diaphragm.  Any  motion  of  the  diaphragm  sets  up  compression  waves  in  the 
air,  thereby  producing  sound.  The  telephone  is  a  sound  transmitter. 

( )wing  to  the  high  incompressibility  of  water  a  diaphragm  exposed  to  this 
medium  must  be  subjected  to  push-and-pull  forces  of  considerable  magni¬ 
tude  to  cause  it  to  vibrate  through  even  a  very'  small  amplitude,  and  as  a 
result  the  submarine  sound  transmitter  is  a  heaN’y  rugged  device  carrying 
powerful  electromagnets.  The  diaphragm  is  a  disk  of  solid  steel  about  twen¬ 
ty  inches  in  diameter  and  from  a  half  to  three-quarters  of  an  inch  thick. 
The  coils  of  the  electromagnets  are  supplit'd  with  alternating  current 
from  a  two-and-a-half  kilowatt  generator,  and  the  resulting  forces  on  the 
diaphragm  may  equal  several  tons.  The  pitch  of  the  sound  generated  by  the 
diaphragm  is  numerically  equal  to  the  frequency  of  the  alternating  current 
supplitNl.  Sounds  having  a  pitch  of  550  and  of  1100  are  employed  with 
al>out  equal  success.  The  alternating  current  circuit  is  provided  with  a  ke\ 
by  means  of  which  the  transmitter  can  be  used  for  sending  code  or  other 
kinds  of  signals. 


THE  SUBMARINE  SOUND  RECEIVER  | 

Several  tyixrs  of  submarine  sound  receivers  have  been  perfecti-rl,  any  one  * 
of  which  is  commonly  called  a  hydrophone.  The  ty’pe  best  suited  for  our 
purpose  is  called  the  “  M\'  Hydrophone.”  It  will  be  seen  that  this  receiver 
can  be  "focused”  toward  any  direction  wherein  the  operator  may  care  to 
listen  and  that  this  results  in  intensifying  the  sound  from  the  desirerl  direc¬ 
tion  and  at  the  same  time  weakening  the  response  to  sounds  from  other 
directions.  The  principle  of  operation  of  this  device  can  be  more  readily 
understood  by  first  consielering  how’  direction  is  determined  by  the  unaidetl 


ears. 

The  sense  of  direction  of  sounds,  the  "  binaural  sense,  ”  is  largely  deiH*nd- 
ent  upon  the  difference  in  the  time  of  arrival  of  the  sound  at  the  two  ears. 
If  the  sound  waves  stimulate  the  right  ear  first,  one  has  the  impression  that 
the  sound  source  is  located  to  his  right;  and,  similarly,  if  the  left  ear  is 
stimulated  first,  one  gains  the  impression  that  the  sound  source  is  located 
to  his  left.  Up  to  a  certain  point  the  angular  bearing  to  the  right  or  left 
of  the  sound  source  is  judged  to  be  greater  as  the  interval  between  the  time 
of  arrival  at  the  two  ears  becomes  greater.  When  this  time  inters’al  is 
zero,  or  in  other  words  when  the  sound  waves  strike  the  tw’o  ears  simulta¬ 
neously,  the  sound  source  sc*ems  to  be  neither  to  the  right  nor  left.  One  may 
then  have  the  impression  that  the  sound  comes  from  ahead  or  overhead  or 
behind  or  in  fact  from  any  point  in  the  plane  that  is  a  perpendicular  bisector 
of  the  straight  line  joining  the  two  ears.  A  sound  that  stimulates  the  two 
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ears  simultaneously  is  said  to  be  “binaurally  centered”  and  the  source  of 
such  a  sound  is  said  to  be  located  in  the  ‘‘binaural  plane.”  A  straight  line 
ioining  the  two  sound  receptors  (in  this  case  the  two  ears)  is  commonly 
called  the  ‘‘binaural  base  line,”  and  the  time  interval  between  the  arrival 
of  a  sound  at  the  two  receptors  is  called  the  ‘‘binaural  interval.” 

Restating  the  previous  paragraph,  we  may  say  that  the  binaural  sense 
enables  us  to  judge  the  direction  of  a  sound  with  respect  to  the  binaural 
base  line  and  that  the  definite  impression  we  have  of  the  direction  of  the 
sound  is  a  result  of  the  magnitude  and  sense  of  the  binaural  interval.  A 
sound  source  is  judged  as  lying  in  the  binaural  plane  when  the  binaural 
interval  is  zero,  or  in  other  words  when  the  sound  is  binaurally  centered. 

The  binaural  interval  is  not  much  affected  by  turning  the  head  slightly 
when  the  sound  is  directed  parallel  with  the  binaural  base  line,  and  as  a 
result  such  directions  cannot  be  judgerl  with  a  high  degree  of  accuracy. 
The  change  produci*d  in  the  binaural  interval  for  a  slight  turn  of  the  head 
is  greatest  for  sounds  directed  perpendicular  to  the  binaural  base  line  (for 
sounds  that  are  binaurally  centered),  and  as  a  result  the  direction  of  such 


sounds  can  be  judged  with  greatest  accuracy.  The  acuteness  of  the  bin¬ 
aural  sense  for  different  individuals  is  surprisingly  uniform  and  is  such  as  to 
recognize  a  change  in  the  binaural  interval  of  the  order  of  five  millionths 
of  a  second. 

The  relation  between  the  binaural  interval  and  the  direction  of  a  sound 
is  shown  In  Figure  i,  wherein  numerals  (i)  and  (2)  represent  the  two  sound 
receptors  (the  ears),  the  vector  {N)  represents  the  direction  of  propagation  of 
the  sound,  the  line  (2-3)  represents  the  direction  of  the  wave  front,  (L) 
represents  the  binaural  base  line,  and  {6)  represents  the  angle  the  vector 
(N)  makes  with  (L).  The  binaural  inter\’al  (/)  is  equal  to  the  time  required 
for  the  sound  to  travel  the  distance  (3-1).  This  is  equal  to  the  binaural 
interv^al  multiplied  by  (F)  the  velocity  of  the  sound.  Expressed  as  an 
equation  this  relation  becomes: 

(1)  V.t  =  L.cos  0, 

(2)  0  =  COS"*  —  t  —  cos"*  K.  t. 

L 

Our  sense  of  direction  operates  in  accordance  with  this  equation  and 
has  been  developed  under  the  particular  conditions  where  (F)  is  the  veloc- 
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ity  of  sound  in  air  and  (L)  is  the  spacing  between  the  two  ears.  ()ur  | 
ability  to  judge  the  direction  of  sounds  in  some  medium  other  than  air  ^ 
could  not  in  general  be  deiK-ndetl  upon,  for  the  reason  that  the  constant 
(K)  of  this  equation  would  be  changed  through  a  change  in  the  velocity  of  ■ 
sound.  If  the  ratio  of  (V)  to  (L)  is  kept  constant,  the  ability  to  judge  di-  ' 
rection  is  independent  of  the  medium.  In  the  case  of  submarine  sounds 
the  velocity  is  nearly  five  times  that  in  air,  and  as  a  result  our  ears  would 
need  to  be  spaced  about  five  times  as  far  apart  if  we  were  to  employ  them  I 
for  determining  the  direction  of  such  sounds.  If  the  binaural  constant  1 

(K)  is  made  greater  or  smaller  than  its  normal  value,  then  the  angle  (fi)  is  I 

judged  to  be  smaller  or  greater,  respectively,  than  it  actually  is.  1 

The  normal  value  of  (K)  is  about  3.0  10*,  and  the  binaural  sense  is  | 

sufficiently  acute  to  determine  (/)  to  within  5  X  io~*  seconds.  It  follows  . 


that  for  binaurally  centered  sounds  the  value  of  (d)  becomes  ""/a  to  within  a 
plus  or  minus  error  equal  to  the  anticosine  of  .015,  or  to  within  about  one 
degree.  This  error  dep)ends  somewhat  on  th^  character  of  the  sound,  in¬ 
creasing  with  the  purity  and  pitch,  but  is  well  within  five  degrees  for  any 
normal  jierson. 

It  will  now  be  shown  that  the  error  made  in  judging  the  direction  of  a 

binaurally  centered  sound  can  l)e  reduced  to  a  small  fraction  of  a  degree. 

It  has  been  seen  that  this  error  (A^)  is  represented  by 

,  .  .  ,  7.A/ 

(3)  =  cos-‘ — 

In  the  expression  (I'.  A  t/L)  the  factor  (T)  is  fixed  since  it  depends  only 
u|K)n  the  physical  characteristics  of  the  medium,  and  (A/)  is  also  fixed 
since  it  depends  upon  the  acuteness  of  the  binaural  sense.  But  the  factor 
(L)  can  be  varied  to  suit  our  fancy  by  replacing  the  ears  by'  two  equal 
sound  receptors  that  are  connected,  one  to  each  ear  respectively, 
through  equal  energy-conducting  paths.  Such  an  arrangement  is  shown 
in  Figure  2  wherein  numerals  (i)  and  (2)  represent  the  two  receptors, 
(3)  and  (4)  represent  the  two  telephone  receivers  or  other  means  usetl  to 
convey  the  sounds  to  the  two  ears,  and  (5)  and  (6)  represent  the  tw'o  equal 
energy-conducting  paths  connecting  each  receptor  with  its  respective  ear. 
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The  sound  can  be  binaurally  centered  by  turning  the  two  receptors  so 
that  the  base  line  (L)  is  normal  to  the  vector  (A’).  The  angle  \B)  will 
then  Ik.*  "■/2  to  w'ithin  an  angle  (Ad)  represented  equation  (3).  This  error 
will  lx*  inversely  proportional  to  the  value  of  (L).  It  will  be  seen  that  the 
MV  Hydrophone  takes  advantage  of  this  fact. 

Referring  again  to  Figure  2,  it  will  he  seen  that  the  sound  could  be  binau¬ 
rally  centered  by  varying  the  time  of  energy  transit  across  paths  (5)  and 
(6)  as  well  as  by  rotating  the  base  line  (L).  The  difference  in  time  of  ar¬ 
rival  of  the  sound  at  the  two  ears  is  evidently  equal  to  the  time  required  for 
sound  to  travel  across  the  length  (7-1).  This  distance,  which  may  lx* 
called  (5),  is  equal  to  the  prcxluct  of  the  velocity  (F)  and  the  binaural  in¬ 
terval  (/),  or 

(4)  5  =  V.  t. 


and  the  time  (/)  is  equal  to  the  distance  (5)  divided  by  the  velocity  of  sound. 
If  the  paths  (5)  and  (6)  are  so  designed  that  the  time  of  energy  transit 
across  them  can  be  increased  or  decreased  uniformly  and  by  known  amounts, 
then,  if  they  were  adjusted  until  the  time  of  transit  across  path  (6)  is  (/) 
seconds  greater  than  across  (5),  the  sound  would  reach  the  two  ears  simul¬ 
taneously  and  would  lx;  binaurally  centered.  Conversely,  if  the  paths 
are  adjusted  until  the  srrund  is  binaurally  centered,  the  difference  in  time  of 
transit  across  the  two  paths  gives  (/),  and  this  multiplier!  by  (F)  determines 
the  length  (7-1),  which  together  with  the  known  value  of  (L)  determines 
(^),  the  direction  of  the  .sound  with  respect  to  (L). 

The  process  of  binaurally  centering  a  sound  by  vary’ing  the  time  of  energy- 
transit  across  the  energy-conducting  paths  connecting  the  receptors  to  the 
ears  is  calletl  “compensation,”  and  any  device  for  accomplishing  this  is 
called  a  “compensator.” 

The  principle  of  operation  of  the  MV  Hydrophone  can  now  be  under¬ 
stood  in  connection  w-ith  Figure  3,  w-herein  numerals  (i)  to  (12)  inclusive 
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represent  the  receptors  uniformly  spaced  along  a  straight  line,  numerals  (T  i 
to  (12')  represent  the  energy-conducting  paths,  the  rectangle  (C)  through 
which  all  the  energy  paths  pass  represents  the  compensator,  and  {R)  ami 
(L)  represent  the  telephone  receivers  or  other  means  for  bringing  the  en¬ 
ergy  paths  to  the  two  ears.  It  is  to  be  noted  that  half  of  the  receptors  con¬ 
nect  with  each  ear  respectively.  The  figure  shows  six,  but  more  or  less  than  ■ 
this  number  can  be  employed.  The  compensator  (C)  is  so  designed 
that  the  response  of  all  the  receptors  to  sound  from  any  direction 
(N)  can  be  made  to  reach  the  two  receivers  (R)  and  (L)  simultane¬ 
ously  by  turning  the  wheel  (IT)  of  the  compensator,  and  the  scale 
{S)  is  calibrated  to  read  the  direction  (6)  for  any  sound  that  is  brought 
to  a  binaural  center  by  turning  the  compensator  handwheel.  The  in¬ 
tensity  of  any  sound  that  is  binaurally  centered  is  relatively  great 
for  the  reason  that  the  responses  to  this  sound  of  all  the  receptors  reach 
their  respective  ear  terminal  in  phase  while  the  response  to  sounds 
from  other  directions  is  w'eakened  through  the  process  of  wave  inter¬ 
ference.  This  results  in  weakening  the  local  disturbing  sounds  caused 
by  propellers,  auxiliary  machinery,  and  slapping  of  waves.  The  benefit 
resulting  from  the  use  of  a  multiplicity  of  receptors  is  therefore  seen  to  1k' 
marked,  since  it  intensifies  the  sounds  desired  and  at  the  same  time  weakens 
those  from  other  directions. 

It  is  to  be  noted  that  the  MV  Hydrophone,  as  described,  determines 
only  the  direction  of  a  sound  with  respect  to  the  line  of  receivers.  The 
source  might  lie  anywhere  on  the  surface  of  a  cone  having  its  vertex  at  the 
center  of  the  line  of  receivers,  which  is  the  axis  of  the  cone,  and  making 
an  angle  {0)  with  the  axis.  If  the  direction  is  determined  with  respc'ct  to  a 
second  line  of  receptors  inclined  to  the  first  line,  then  the  direction  of  the 
source  is  uniquely  determined  by  the  line  of  intersection  of  the  two  cones 

The  actual  installation  carries  two  lines  of  receivers  so  arranged  that  tin- 
direction  of  any  sound  can  be  determined  with  respect  to  the  ship’s  km-l 
and  with  respect  to  a  direction  athwartship,  and  this  furnishes  complete 
data  for  determining  the  direction  uniquely. 

The  technical  details  of  the  M\'  Hydrophone  would  lx*  out  of  place  in 
this  paper,  which  only  aims  to  describe  the  principle  of  operation  of  the 
depth-sounding  apparatus.  It  may  be  statc*d,  however,  that  the  device  is 
electrical  throughout.  Flach  sound  receptor  carries  a  microphone  that  is 
stimulatcxi  by  the  submarine  sound  waves,  and  within  the  compensator 
the  electrical  circuit  of  each  receptor  includes  a  numlx*r  of  so-called  elec¬ 
trical  retardation  units.  The  time  of  electrical  transit  of  each  circuit  is 
varied  by  var>’ing  the  number  of  these  units  included  in  the  circuit.  This 
is  accomplished  by  turning  a  single  handwheel.  The  electrical  output 
from  the  receptors  is  brought  to  the  ears  and  there  transformed  to  sound 
by  telephone  receivers,  one  of  which  receives  the  output  from  half  of  the 
receptors  and  the  other  of  which  receives  the  output  from  the  other  half. 
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The  sonic  depth  finder,  or  time-measuring  device,  is  simply  an  automatic 
transmitting  key  designed  to  close  the  transmitter  circuit  for  a  short  inter¬ 
val  at  the  end  of  equal  |x.*rio<ls  of  time.  This  causes  the  transmitter  to  send 
out  submarine  sound  signals  of  the  nature  of  short  dashes  uniformly  spaced 
with  respect  to  time.  The  device  is  also  provided  with  means  for  continu¬ 
ously  varying  the  time  between  successive  signals  through  all  values  in¬ 
cluded  Ijetween  one-tenth  of  a  second  and  ten  seconds.  The  time  interval 
Ix'tween  the  transmitting  of  a  signal  and  the  return  of  its  echo  from  a  sub¬ 
marine  reflecting  surface  is  determined  as  a  function  of  the  time  interval 
between  successive  signals.  It  will  be  seen  that  this  function  becomes 
very  simple  when  the  interval  Iwtween  signals  is  so  adjusted  that  an 
echo  returns  to  the  receiver  at  the  same  instant  that  a  signal  leaves  the 
transmitter. 

The  device  is  provided  with  a  two-way  switch  whereby  the  two  tele¬ 
phones  can  be  connected  to  the  two  output  terminals  of  the  compensator, 
as  descriljed  and  as  employed  for  determining  directions,  or  whereby  one 
telephone  receiver  only  is  connected  to  the  output  from  the  compensator 
and  the  other  is  connected  inductively  to  the  A.  C.  circuit  that  drives  the 
transmitter.  The  latter  arrangement  enables  the  listener  to  hear  each  signal 
in  one  phone  at  the  instant  it  is  transmitted  and  to  hear  its  echo  in  the  other 
phone  at  the  instant  it  reaches  the  hydrophone.  The  simultaneity  of  arrival 
of  sound  at  the  two  ears  can  Ik-  judged  With  a  high  degree  of  accuracy,  and 
as  a  result  the  adjustment  of  the  time  interval  between  signals  to  a  value 
that  makes  the  echo  arrive  at  the  same  instant  a  signal  is  transmitted  can 
be  ma<le  with  extreme  definiteness  and  precision. 

.Assume  the  period  (p)  between  signals  is  such  that  the  echo  of  a  signal 
returns  at  the  instant  the  next  successi\-c  signal  is  transmitted.  Then  (/) 
the  time  of  sound  transit  to  the  reflecting  surface  and  back  again  is  equal 
to  the  period  between  signals.  Suppose  then  that  the  period  between 
signals  is  made  equal  to  half  its  former  value.  Then  at  the  instant  a  signal 
leaves  the  transmitter  the  echo  of  the  st*cond  previous  signal  will  arrive  at 
the  receiver.  Finally,  suppose  that  the  frequency  of  the  signals  is  made 
(.V)  times  as  great.  Then  at  the  instant  a  signal  is  transmitted  the  echo  of 
the  ATh  previous  signal  arrives  at  the  hydrophone.  It  will  therefore  be 
seen  that  the  relation  between  the  time  of  transit  (/)  and  the  interval  between 
signals  (p)  can  be  expresst*d  by  the  simple  equation, 

(5)  t  =  N.  p, 

where  (A)  is  a  whole  number.  It  can  be  shown  that  (A)  is  numerically 
equal  to  the  number  of  signals  in  transit.  Its  value  can  be  determined  by 
counting  the  number  of  signals  that  are  transmitted  before  an  echo  is  heard 
or  by  counting  the  number  of  echoes  that  are  heard  after  the  transmitter  is 
stoppe-d.  However,  we  shall  see  that  this  procedure  is  not  necessary. 

If  (5)  now  represents  the  distance  to  the  reflecting  surface  and  back  and 
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(T)  represents  the  velocity  of  sound,  then  the  distance  will  be  equal  to  the 
velocity  multiplied  by  the  time,  or 

(6)  S  =  V.t 

and  (7)  //  =  K  y- 

where  (//)  represents  the  distance  to  the  reflecting  surface.  Substituting 
the  value  of  (/)  from  equation  (5)  we  have 

(8)  II  =  y2  V.  N.  p, 

where  {p)  is  the  interval  between  signals  and  (N)  is  a  whole  number  to  In? 
determined. 

The  mechanism  for  varying  the  value  of  {p)  and  for  determining  its  value 
consists  of  a  phonograph-like  disk  driven  at  constant  speed  together  with 
a  small  wheel  that  can  be  moved  out  or  in  radially  along  the  surface  of  the 
disk  and  which  is  driven  through  friction  contact  with  the  disk.  The  shaft 
of  the  friction  wheel  carries  two  cam  wheels,  one  of  which  has  one  saw¬ 
toothed  depression  and  the  other  of  which  carries  ten  such  depressions  uni¬ 
formly  spaced  about  its  circumference.  Each  cam  operates  a  pair  of  contact 
points,  and  by  means  of  a  two-way  switch  either  pair  can  be  made  to  operate 
the  transmitter  key  through  the  medium  of  a  relay. 

The  value  of  (p)  is  dependent  on  the  speed  of  the  disk,  the  radius  of  the 
friction  wheel,  the  radius  of  the  circle  that  the  friction  wheel  scribes  on  the 
disk,  and  the  numl)er  of  teeth  carried  by  the  cam  that  operates  the  contact 
points.  Let  (P)  be  the  constant  jx*riod  of  revolution  of  the  disk,  (r)  the 
radius  of  the  friction  wheel,  (R)  the  radius  of  the  circle  that  the  friction 
wheel  scribes  on  the  disk,  and  (C)  the  number  of  teeth  on  the  cam  wheel 
employed  tooperate  the  contact  points.  Therelation  between  thesefactorsis 


(9)  P 


R  r 
C.  R 


and  by  inserting  this  value  in  equation  (8)  we  have 


(10) 


//  =  K 


V.  iV.  P.  r 
C.  R  ' 


an  equation  wherein  all  the  factors  on  the  right-hand  side  are  known  except 
(iV).  The  factor  (R)  will  be  given  by  the  means  provided  for  moving  the 
friction  wheel  along  the  radius  of  the  disk.  In  practice  this  is  done  by  means 
of  a  micrometer  screw  which  gives  the  value  of  (R)  to  within  about  two 
thousandths  of  an  inch. 

We  are  now  in  a  position  to  discuss  the  factor  (A’).  Supjxjse  the  apparatus 
is  adjusted  for  simultaneity  of  echoes  and  signals.  Call  the  radius  of  the 
circle  scribed  on  the  disk  (Ri).  Then  suppose  the  frequency  of  the  signals  is 
increased  until  the  next  condition  for  simultaneity  is  reached.  Call  the  new 
value  of  the  radius  of  contact  We  now  have  the  two  relations 
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(12)  //  =  K 


V.  (N  4-  I)  P.  r 


C.Rt 

The  depth  (//)  being  the  same  in  both  equations,  it  follows  that 

(13^  ,V  =  - — - . 

R—Rx 

Substituting  this  value  for  {N)  in  equation  (l  l)  gives  for  the  sounding  equa¬ 
tion 

V.  P.  r 


(14)  II  = 


2C{Rt~Ri) 


where  (F)  is  the  velocity  of  sound,  (P)  the  period  of  revolution  of  the  disk, 
(r)  the  radius  of  the  friction  wheel,  (C)  the  number  of  teeth  on  the  cam,  and 
{Rt — Pi)  the  distance  along  the  radius  of  the  disk  that  the  friction  wheel  is 
moved  in  passing  from  one  condition  of  simultaneity  of  arrival  of  signals  and 
echoes  at  the  two  phones  to  the  next  in  order. 

It  will  be  noticed  that  the  depth  formula  holds  for  all  values  of  (Ri)  and 
will  therefore  hold  for  the  value  zero.  This  means  that  if  the  adjustment  for 
simultaneity  is  made  by  moving  the  friction  wheel  out  from  the  center  of 
the  disk  to  the  first  position  that  gives  this  condition,  then  (Pi)  is  zero  and 
the  formula  simplifies  to 


(15)  II 


V.  P.  r 
2.  C.  P 


The  practical  apparatus  is  designed  to  make  (P)  equal  to  ten  seconds. 
(r)  equal  to  unity,  and  takes  4800  feet  per  second  as  the  velocity  of  st)und. 
It  has  already  l)een  stated  that  (C)  may  be  made  either  one  or  ten  depending 
upon  which  cam  is  employed.  Inserting  these  values  in  equation  (15)  gives 
for  the  working  formula 


(16) 


II  (feet)  = 


24,000 
C.  P 


or 


(17)  II  (fathoms)  =  - — . 

The  sonic  depth  finder  determines  all  the  factors  on  the  right-hand  side 
of  equation  (15)  to  within  from  one  per  cent  to  two  tenths  of  one  per  cent 
except  the  factor  ( V)  which  is  not  dependent  upon  this  device.  The  velocity 
of  sound  in  sea  water  under  various  conditions  of  temperature,  pressure,  and 
salinity  is  known  with  a  fair  degree  of  accuracy;  but  the  correction  for  these 
three  factors  cannot  always  be  accurately  made  for  the  reason  that  the  itm- 
|x*rature,  pressure,  and  salinity  over  the  whole  sound  path  are  not  known. 
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Sixteen  hundred  yards  per  second  has  proved  to  be  a  good  average  value  (or 
the  velocity ;  but,  if  a  high  degree  of  accuracy  is  required,  the  results  obtained 
by  using  this  value  must  be  multiplicHi  by  a  correction  factor  which  will 
scarcely  ever  differ  from  unity  by  more  than  one  per  cent. 

The  value  of  the  correction  factor  will  depend  upon  the  temperature 
pressure,  and  salinity  and  will,  therefore,  doubtless  hold  fairly  constant  over 
large  areas.  The  U.  S.  Coast  and  Geodetic  Survey  ship  Guide  is  making  an 
extended  comparison  of  depths  obtained  by  the  deep-sea  sounding  machine 
and  the  sonic  depth-finding  apparatus,  and  this  work  is  throwing  consid- 
t'rable  light  on  the  correction  factor.  It  may  Ih‘  stated,  however,  that  for 
surveying  purposes  differences  or  changes  in  depth  are  of  more  importance 
than  the  actual  depth,  and  such  information  is  given  with  sufficient  accuracy 
by  the  uncorrected  data. 


Submarine  Surveying 

ij  j  The  sonic  depth-finding  apparatus  enables  a  ship  to  take  a  sounding 

1  '  as  often  as  desired  while  steaming  steadily  along  her  course.  The 

I  .  minimum  depth  that  can  be  determined  by  the  sonic  depth  finder  in  its 

i'  '  present  form  is  40  fathoms.  The  maximum  is  not  known.  The  Guide  has 

fb  recently  taken  soundings  to  depths  of  over  5000  fathoms,  and  her  personnel 

I !'  believe  the  installation  is  capable  of  sounding  the  greatest  ocean  depths. 

I  The  minimum  depth  is  not  limited  to  40  fathoms  and  is  being  made 

10  fathoms  in  a  redesign  of  the  apparatus.  So  far  as  its  use  in  the  Navy 
is  concerned  there  is  no  need  for  reducing  the  minimum  depth  below  10  or 
even  40  fathoms  for  the  reason  that  shallow  soundings  can  be  taken  by 
measuring  with  the  MV  Hydrophone  the  angle  which  oscillator  signals 
or  propeller  sounds  reficcted  from  the  sea  bottom  make  with  the  ship’s 
^  keel.*  There  is  no  inherent  reason  why  the  apparatus  cannot  be  designe<l 

to  take  soundings  as  shoal  as  10  fathoms  and  probably'  less. 

The  sounding  data  given  by  the  sonic  depth-finding  apparatus  consist 
of  the  distance  to  the  refiecting  surface  along  a  direction  j^erpendicular 

•  H.  C.  Haye«:  U.  S.  Navy  MV  of  Hydrophone  at  an  Aid  and  Safeguard  to  Navigation.  Proe.  Amfr. 

Pkilot.  S4X.,  Vol.  so.  10*0.  pp.  371-404 
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to  this  surface,  together  with  the  direction  of  the  echo  with  respect  to  the 
ship's  keel  and  also  with  respect  to  a  direction  athwartship.  The  keel  and 
athwartship  directions  are  perpendicular  to  each  other  and  define  a  horizon¬ 
tal  plane. 

Obviously  the  distance  factor,  which  has  been  designated  as  (II),  is  not 
the  depth  except  when  the  sea  bottom  is  horizontal.  The  depth  underneath 
the  ship  will  be  greater  than  (ID,  and  the  depth  above  the  reflecting  surface 
will  be  less  than  (II),  wherever  the  sea  bottom  is  not  horizontal.  These 
relations  are  shown  in  Figure  4,  wherein  (5-5)  and  (B-B)  represent  the 
sea  surface  and  the  sea  bottom,  and  numerals  (i),  (2),  (3),  and  (4) 
represt'nt  respectively  the  location  of  the  ship,  the  point  of  reflection,  the 
point  on  the  surface  vertically  above  the  point  of  reflection,  and  the  point 
on  the  sea  bottom  v'ertically  beneath  the  ship.  The  angle  of  dip  which  the 
direction  (II)  makes  with  the  surface  is  represented  by  (8),  and  the  slope 
of  the  sea  Ixjttom  is  represented  by  (fi)-  The  angle  of  dip  and  the  slope 
of  the  sta  bottom  are  complementarv’  angles,  and  therefore  a  measure¬ 
ment  of  (8)  serves  to  determine  the  slope  of  the  sea  bottom. 

The  hydrophone  does  not  measure  the  angle  (81  directly  but  gives  the 
angles  {<!>)  and  (^)  which  the  direction  of  the  echo  makes  with  the  keel 
and  athw'artship  directions  respectively.  The  angle  (8),  which  the  direc¬ 
tion  of  the  echo  makes  with  the  sea  surface  and  (a),  the  angle  which  this 
direction  makes  with  the  keel  in  an  azimuth  plane,  bear  the  follow¬ 
ing  relations  to  (</>)  and  (0): 

(18)  cos  8  =  (cos*6  +  cos-<^)^ 

(19)  tan  a  =  cos  ^/cos</». 

From  these  relations  it  is  possible  to  determine  the  value  of  (D),  as  show  n 
in  Figure  4  through  the  relation 

(20)  D  =  //.sin8, 

and  (D*),  the  depth  beneath  the  ship,  will  be  given  by  the  relation 

(21)  =  7//sin8, 

providing  the  slope  over  the  region  including  points  (2)  and  (4)  is  constant. 

.Assuming  a  slope  of  30  degrees  for  the  sea  bottom  (a  value  that  is  doubt¬ 
less  abnormal)  and  a  depth  of  6000  fathoms,  the  horizontal  distance  between 
points  (i)  and  (3)  of  Figure  4  would  be  three  miles.  Under  the  best  condi¬ 
tions  a  ship  cannot  know  its  position  at  sea  to  within  a  radius  of  two  miles. 
The  value  of  (H)  can  be  show  n  to  be  very  nearly  equal  to  one  half  the  sum 
of  (D)  and  (£)')  for  slopes  less  than  30  degrees,  and  as  a  result  (H)  represt*nts 
the  true  depth  at  a  point  about  midway  between  ixjints  (i)  and  (3)  of  Fig¬ 
ure  4.  Therefore  (//)  alw’ays  represents  the  true  depth  at  some  point  within 
the  area  of  uncertainty  as  regards  the  location  of  the  ship  when  the  loca¬ 
tion  is  determined  by  solar  checks.  From  these  considerations  it  appears 
that  the  value  (H)  serves  as  w'ell  for  the  preparation  of  charts  and  for 
purposes  of  navigation  as  does  the  more  accurate  value  (D)  unless  some 
means  is  devised  for  more  accurately  locating  a  ship  at  sea. 
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Since  the  determination  of  (//).does  not  involve  a  knowledge  of 
direction  of  the  echo  the  question  naturally  arises,  Why  not  employ  am  i' 
simpler  receiver  than  the  MV  Hydrophone?  The  answer  is  that  very  ,  ! 

sounding  data  can  l)e  taken  w'ith  the  simplest  kind  of  submarine 
receiver  consisting  of  a  single  receptor  of  the  microphone  tyjje.  ’However, 
even  though  a  ship  does  not  know  its  actual  position  on  the  chart  to  wi  ’ 
two  miles,  it  does  know  its  progress  from  hour  to  hour  with  sufficient 
furacy  to  warrant  all  possible  corrections  of  the  sounding  data  for  the  pur 
j)ose  of  developing  or  of  identifying  the  profile  of  the  sea  Iwttom  along  t 
course  traversed.  Moreover,  for  many  purposes  the  value  of  a  profile  is 
greatest  when  it  defines  the  intersection  of  a  plane  that  is  per{)endicular  to 
the  sea  floor.  The  MV  Hydrophone  enables  the  navigator  to  direct  his 
course  so  that  it  will  define  such  profiles.  If  the  angle  (u)  is  zero,  the  jwint 
of  reflection  lies  in  a  vertical  plane  that  includes  the  path  of  the  ship,  and 
this  plane  is  perpendicular  to  the  sea  bottom.  From  equation  (19)  it  will 
l)e  seen  that  when  (a)  is  zero  (d)  is  ninety  degrees.  Under  such  conditions 
cos  0  equals  zero,  and  the  angle  (S)  becomes  equal  to  If,  therefore, 
the  course  of  the  surveying  ship  is  directed  so  that  (^)  equals  (»’/2),  as 
can  l>e  done  if  the  MV  Hydrophone  is  used  for  the  receiver,  the  profile  of 
the  course  has  a  definite  meaning,  and  the  computations  relating  to  the 
sounding  data  are  greatly  simplified;  for  then  the  complement  of  the  angle 
(<f>)  gives  directly  the  slope  of  the  sea  floor  at  the  point  of  reflection. 

There  is  one  more  reason,  already  mentioned,  w'hy  it  is  desirable  to  use 
the  MV'  Hydrophone,  namely,  that  through  its  focusing  power  the  intensity 
of  its  response  to  the  echoes  is  strengthened  while  at  the  same  time  its 
response  to  the  numerous  local  disturbing  noises  is  weakened. 


